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As used herein: 
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or sustain life, and whose failure to perform, when proper- . ably be expected to cause the failure of the life support 
ly used in accordance with instructions for use provided device or system, or to affect its safety or effectiveness. 


with the product, can be reasonably expected to result in 
significant injury to the user. 
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INTRODUCTION 


SGS-THOMSON’s dedicated video product range is now so extensive that it has been 
necessary to divide the databook into two volumes: one for power devices and graphic 
circuits and one for signal devices. Application notes for video products have been 
gathered together in the video products Application Manual. 


Volume 1, Signal Processing Products, covers chroma and video ICs, single-chip 
processors, video switch matrices and other signal level parts. In this area the company 
specializes in offering complete solutions all of the ICs needed for a specific TV or 
monitor chassis type and gives special attention to the basic solutions. Much of the 
knowhow in this field has been gained in the demanding Asia/Pacific market for the 
cost effective aspect, and in western Europe for PAL/SECAM multistandard design, 
placing SGS-THOMSON in a very strong position in the emergent East European 
market the new frontier in consumer electronics. 


Volume 2, Power & Graphics Products, covers power ICs such as deflection boosters 
and sound channels, plus other ICs for graphics monitor deflection applications. In the 
monitor market SGS-THOMSON is the recognized world leader; in fact today 7 out of 
10 monitors produced in the world include SGS- THOMSON ICs. Power ICs in general 
are a traditional specialty of the company, which began producing monolithic power 
amplifiers in the 60’s and has remained at the forefront of power technology develop- 
ment ever since. 


With these two volumes SGS-THOMSON Microelectronics proposes a dedicated 
video product range that satisfies virtually every need in television, monitor, VCR and 
related applications. And if you don’t find the product you are looking for in these 
volumes contact the nearest SGS-THOMSON office; it may be that the product you 
want is included in other books covering micros, memories, standard ICs or discretes. 


The Video Products Application Manual is part of the comprehensive technical support 
offered by SGS-THOMSON’s Video Division to make application design fast and 
productive. This support also includes PC design aids and evaluation boards. 
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VERTICAL DEFLECTION CIRCUITS FOR TV & MONITOR 


by Alessandro MESSI 
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1. INTRODUCTION 


In a general way we can define vertical stages In Figure 1 is represented the more general 
circuits able to deliver a current ramp suitable to possible block diagram of a device performing the 
drive the vertical deflection yoke. vertical deflection. 


Figure 1 : Block Diagram of a General Deflection Stage. 
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APPLICATION NOTE 


Such a device will be called "complete vertical 
stage" because it can be simply driven by a syn- 
chronization pulse and it comprises all the circuitry 
necessary to perform the vertical deflection that is: 
oscillator, voltage ramp generator, blanking gene- 
tor, output power and flyback generator. 

At the right side of the dotted line in Figure 1 is 
represented the circuitry characterizing a "vertical 
output stage”. This kind of device comprises only 
the power stages and it has to be driven by a 
voltage sawtooth generated by a previous circuit 
(for example a horizontal and vertical synchroniza- 
tion stage. 

In the first class there are the following devices : 
TDA1170D, TDA1170N, TDA1170S, TDA1175, 
TDA1670A, TDA1675, TDA1770A, TDA1872A, 
TDA81 76. 

Inthe second class there are : TDA2170, TDA2270, 
TDA8170, TDA8172, TDA8173, TDA8175, 


Figure 2 : First Kind of Oscillator Stage. 


When the switches Ti and Te are opened the Co 
capacitor charges exponentially through Ro to the 
value V* (max) determined by the integrated resis- 
tors Ri, Re, R3 and Ra. At this point the switches 
are closed, short-circuiting Rg and Ra, so the volt- 


Vr —-V" min) 


+ Rs 
Vr —- V* ax) 


To= Ro- Co- log 


TDA8178, TDA8179. 

There is also a third class of vertical stages com- 
prising the voltage ramp generator but without the 
oscillator; these circuits must be driven by an al- 
ready synchronized pulse. In this third class there 
are : TDA1771 and TDA8174. 


2. OSCILLATOR 


There are two different kinds of oscillator stages 
used in SGS-THOMSON complete vertical deflec- 
tions, one is used in TDA1170D, TDA1170N, 
TDA1170S, TDA1175 and TDA8176, the other in 
TDA1670A, TDA1675, TDA1170A and TDA1872A. 
The principle of the first kind of oscillator is repre- 
sented in Figure 2. 

The following explanations will be the more general 
possible; we shall inform the reader when we refer 
to a particular device. 
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age at the non-inverting input becomes V* (min). The 
capacitor Co discharges to this value through the 
integrated resistor Rs. 

The free running frequency can be easily calcu- 
lated resulting in : 


with Ro = 360 kQ and Co = 100 nf, it results in 43.7 
Hz. 

The oscillator synchronization is obtained reducing 
the superior threshold V*(max) short-circuiting the 
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Ra resistor when a vertical synchronization pulse 
occurs. 

The second kind of oscillator is represented in 
Figure 3. 


AY, Bisaltienoses 


10 


Figure 3 : Second Kind of Oscillator Stage. 


When the switch T is in position 2, a constant 
current Ico = V / Ro flows through Co charging it 
with a voltage ramp. When the voltage Vo reaches 
Voc(max), T passes in position 1, so a constant 
current Ico = (VB -V_ )/Rodischarges the capac- 
itor causing the inversion of the voltage ramp slope 
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at the output Vo (t ). The discharges stops when 
Vo reaches the value Voymin) and the cycle takes 
place again. 

It is possible to calculate the free running frequency 
fo with the following formula : 


Ve- V- (2) 


with Voimax) - Vo(min) = 3.9V, VB = 6.5V, V- = 
0.445V, Ro = 7.5kQ and Co = 330nF it results in : 
fo = 43.8Hz. 

The oscillator synchronization is still obtained in the 
above mentioned way. 

In order to guarantee a minimum pull-in range of 
14Hz the threshold value has been chosen in 
Vp = 4.3V. 

The spread of the free running frequency in this 


Figure 4 : Ramp Generator. 
Vregulated 
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kind of oscillator is very low because it mainly 
depends from the threshold values Vocmax), Vo(MIN) 
and V - that are determined by resistor rates that 
can be done very precise. 


3. RAMP GENERATOR 


The ramp generator is conceptually represented in 
Figure 4. 
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APPLICATION NOTE 


The Voltage ramp is obtained charging the group 
Ri, C1 and Co with a constant current Ix. 


Vramp (t) = ( Vainy—- Ri- Ix) 


Itis easy to calculate the voltage Vramp That results 


where V min) is the voltage in A when the charge 
starts and C is the series of Ci and Co. 

The resistor Ri is necessary to give a"C correction" 
to the voltage ramp. The ramp amplitude is deter- 
‘mined by Ix = Vrec/ P1 ,so the potentiometer P is 
necessary to perform the height control. 

The voltage ramp is then transferred on a low 
impedence in B through a buffer stage. 

Te P2 potentiometer connected between D and B 
performs the ramp linearity control or"S correction” 
that is necessary to have a correct reproduction of 
the images on the TV set. 

The voltage ramp in B grows up until the switch T4 
is closed by a clock pulse coming from the oscilla- 
tor; in this way the capacitors discharge fastly to 
Vmin) that is dependent upon the saturation volt- 
age of the transistor that realizes the switch. 

At this point the exponential charge takes place 
again. 


4. BLANKING GENERATOR AND CRT PRO- 
TECTION 


This circuit senses the presence of the clock pulse 
Figure 5 : Amplifier Stage. 


The open-loop gain of the circuit is variable from 
60dB to 90dB for the different integrated circuits. 

The compensation capacitor C determines the 
dominant pole of the amplifier. In order to obtain a 
dominant pole in the range of 400Hz, the capacitor 


4/24 


coming from the oscillator stage and the flyback 
pulse on the yoke. If both of them are present a 
blanking pulse is generated able to blank the CRT 
during the retrace period. The duration of this pulse 
is the same of the one coming from the oscillator. 

If for any reason the vertical deflection would fail, 
for instance for a short circuit or an open circuit of 
the yoke, the absence of the flyback pulse puts the 
circuit in such a condition that a continuous vertical 
blanking is generated in order to protect the CRT 
against eventual damages. 

This circuit is available only in the following de- 
vices : TDA1670A, TDA1675, TDA1770A and 
TDA1872A. 

The stages we will consider starting from this point 
are common both to complete vertical stages and 
vertical output stages. 


5. POWER AMPLIFIER STAGE 


This stage can be divided into two distinct parts : 
the amplifier circuit and the output power. 

The amplifier is realized with a differential circuit; a 
schematic diagram is represented in Figure 5. 
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must be of about 10pF. 

As an example in Figure 6 is represented the boole 
diagram of the amplifier open loop gain for 
TDA8172. 
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Figure 6 : Amplifier Open Loop Gain and Phase. 
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FREQUENCY, f (Hz) 


The output power stage is designed in order to 
deliver to the yoke a vertical deflection current from 
1 to 2 Apeak, depending upon the different devices, 
and able to support flyback voltages up to 60V. A 
typical output stage is depicted in Figure 7. 


Figure 7 : Power Stage. 
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The upper power transistor Qi conducts during the 
first part of the scanning period when the vertical 
deflection current is flowing from the supply voltage 
into the yoke; when the current becomes negative, 
that is it comes out of the yoke, it flows through the 
lower power transistor Q2.The circuit connected 
between the two output transistors is necessary to 
avoid distortion of the current at the crossing of 


Ay, Bolte 


90 
ATLA UT 
a 
ee 
a 
a g 
LIN Hi Stam) oe: 
aL 
oO 
- 90 
M - 435 
104 105 106 107 
VSO0VERTO6 


zero, when Q; is turned off and Q2 is turned on. 
When the flyback begins, Q2 is switched-off by Q3 
in order to make it able to support the high voltage 
of the flyback pulse. 

The circuit behaviour during flyback is explained in 
chapter 7. 


6. THERMAL PROTECTION 


The thermal protection is available in all the devices 
except the TDA1170 family and the TDA81 76. 
This circuit is usefull to avoid damages at the 
integrated circuit due to a too high junction temper- 
ature caused by an incorrect working condition. 

It is possible to sense the silicon temperature be- 
cause the transistor Vee varies of - 2 mV/ °C, soa 
temperature variation can be reconducted to a 
voltage variation. 

If the temperature increases and it is reaching 
150°C, the integrated circuit output is shut down by 
putting off the current sources of the power stage. 


7. FLYBACK BEHAVIOUR 


In order to obtain sufficiently short flyback times, a 
voltage greather than the scanning voltage must 
be applied to the deflection yoke. 

By using a flyback generator, the yoke is only 
supplied with a voltage close to double the supply 
during flyback. 

Thus, the power dissipated is reduced to approxi- 
mately one third and the flyback time is halfed. 
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APPLICATION NOTE 


The flyback circuit is shown in Figure 8 together with the power stage. 


Figure 8 : Output Power and Flyback stages. 
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Figure 9 shows the circuit behaviuor, to show oper- / order to eliminate electrical parameters that do not 
ation clearly. The graphs are not drawn to scale. significantly influence circuit operations. 


Certain approximations are made in the analysis in 


Figure 9 : Current in the Yoke and Voltage Drop on the Yoke during Vertical Deflection. 
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a) Scan period (te - t7) : Figure 10 

During scanning Q3, Q4 and Qs are off and this 
causes Qe to saturate. 

A current from the voltage supply to ground flows 
through Dp, Cg and Qe charging the Cg capacitor 
up to: 

VCp= Vs—- VDp— VQgsat (4) 

At the end of this period the scan current has 
reached its peak value (Ip) and itis flowing from the 
yoke to the device. At the same time Va has 
reached its minimum value. 

In Figures 11 and 12 are depicted the voltage drop 
on the yoke and the currents flowing through Dg 
and the yoke. 


Figure 10 : Circuit Involved during Scan Period. 
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Figure 11 : Voltage Drop on the Yoke and Cur- 
rent Flowing through Dp. 
V = 10V/div. 

0.5A/div. 

2ms/div. 
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APPLICATION NOTE 


Figure 12 : Voltage Drop on the Yoke and Cur- 


rent Flowing through the Yoke. 


V = 10V/div. 
| = 1A/div. 
t = 5ms/div. 
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b) Flyback starting (to - t1) : Figure 13 

Qs, that was conducting the - Ip current, is turned 
off by the buffer stage. 

The yoke, charged to Ip, now forces this current to 
flow partially through the Boucherot cell (I1) and 
partially through D1, Cp and Qg (lz). 

In Figures 14, 15 and 16 are represented the 
currents flowing through the yoke, the Boucherot 
cell and D1. 


Figure 13 : Circuit Involved during Flyback Star- 
ting. 
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c) Flyback starting (t: - t2) 

When the voltage drop at pin A rises over Vs, Q3 
turns on and this causes Q4 and Qs to saturate. 
Consequently Qe turns off. 

During this period the voltage at pin D is forced to: 


Vp = Vs — VQ4sat (5) 
Therefore the voltage at pin B becomes : 
Ve= Vcp+ Vp (6) 
The yoke current flows in the Boucherot cell added 


to another current peak flowing from Vs via Q4 and 
Cp (Figures 14 and 15). 


Figure 14 : Voltage Drop on the Yoke and Cur- 
rent Flowing through the Boucherot 


Cell. 

V = 10V/div. 
| = 1A/div. 
t = Ips/div. 
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Figure 15 : Voltage Drop on the Yoke and Cur- 
rent Flowing through Dj. 
V = 10V/div. 
= 1A/div. 
= Ius/div. 
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Figure 16 : Voltage Drop on the Yoke and Cur- 
rent Flowing through the Yoke. 
V= 10V/div. 
| = 100mA/div. 
t = Ius/div. 
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d) Negative current rise (tz - t3 ) : Figure 17 During this period, the voltage applied at pin Ais: 
Figure 17 : Circuit Involved during the Negative Va= Vet Vopi, 
Current Rise. Va= Vopt+ Vo+ Voi, 


Va= Vs— Vpp—-— VQesat+ Vs+ Vp2+ Voi, 


Va= 2- Vs+ Vpi+ Vp2- Vos— VQesat 


It is possible to calculate the current solving the 
following equation : 


where R= Re+ Ry 


Because the voltage at pin A is approximatively 
constant (error less than 2%) we can simplify the 
(8) in the following equation : 


R 


Ly dt LyCp 
VSOVERT-17 


It results in : 


where : 


Because of AT; is two orders of magnitude lower than the scan time, we can apply an exponential sum to 
obtain the following equation : 


a cosh ( 2B AT1)+ Bsinh (2B AT1)- o@ 
cosh ( 2B AT1)— 1 


i(t)= Ip 
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APPLICATION NOTE 


Figure 18 : Voltage Drop on the Yoke and Cur- 
rent Flowing through the Yoke. 


V = 10V/div. 
| = 250mA/div. 
t = 100,s/div. 
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The current flows from the yoke to Vs through D1, 
Cp and Dg, and it is depicted in Figure 18. 


e) Positive current rise (ts - ta) : Figure 19 


Figure 19 : Circuit Involved during the Positive 
_ Current Rise. 
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When the current becomes zero, D; turns off and 
Qe saturates; so the pin A voltage becames : 


Va= Ve—-— VQosat 
Va= 2-Vs-— Vps— VQesat 


— VQasat — VQoesat 


The current flows from +Vs into the yoke through 
Qa4, Cp and Qe and rises from zero to Ip as it can 
be seen in Figure 18. 

By using the previous procedure explained in sec- 
tion d), we can obtain the slope of the current : 


where ATo= ta— tg 


f) Flyback decay (ta - ts) 

When the yoke current reaches its maximum peak, 
Qe desaturates and conducts the maximum peak 
current flowing from Vs via Q4 and Cp into Ly; the 
current flowing through Cz is depicted in Figure 20. 


Figure 20 : Voltage Drop on the Yoke and Cur- 
rent Flowing through Cp. 


V = 10V/div. 
| = 0.5A/div. 
t = 100us/div. 
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An eventual antiringing parallel resistor modify the 
linear decay slope in an exponential one, as it can 
be seen in Figure 22. 

This continues until the buffer stage turns Qe on. 
The effect of the Boucherot cell during this periode 
is negligible (see Figure 21). 
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Figure 21 : Voltage Drop on the Yoke and Current 
Flowing through the Boucherot Cell. 
V = 10V/div. 

= 100mA/div. 


100us/div. 
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g) Va pedestal (ts - te) 

When Va reaches the value Vs of the supply volt- 
age, the flyback generator stops its function. 

Q3 is turned off and turns off Q4 that open the 


APPLICATION NOTE 


Figure 22 : Effect of the Resistor in Parallel con- 
nected to the yoke. 
V = 10V/div. 
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connection between pin D and Vs. 
Therefore Vg drops to Vs - 
Va= Vs— Vpsp—- VQacE on 

At this point the normal scan takes place. 


Vps while : 


8. CURRENT-VOLTAGE CHARACTERISTICS OF THE RECIRCULATING DIODES. 


The following Figures 23 and 24 reproduce the | - V 
characteristics of the integrated recirculating di- 


| - V Characteristic of the Diode D1. 
V = 500mV/div. 
| = 200mA/div. 


Figure 23 : 
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These characteristics are useful in order to calcu- 
late the maximum voltage reached at pin A with the 
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odes Dj and Do (see Figure 8). 


Figure 24 : | - V Characteristic of the Diode Do. 


V = 500mV/div. 
| = 200mA/div. 
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formula (7) explained in chapter 7. 
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9. CALCULATION PROCEDURE OF THE FLY- 
BACK DURATION 


The flyback duration can be calculated using the 
following procedure (referring to Figure 25). 


Figure 25 : Circuit Involved in the Calculation of 
Flyback Duration. 
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During the flyback period the voltage applied at 
pin A is about 2 Vs, as previously explained in 
chapter 7. The voltage drop across Cp is approxi- 
matively a constant voltage little less than Vs /2. 
The voltage on the feedback resistor Pr is : 
VRF(t)= Rr ly (t) 

so in the period which we are considering it is 
negligible respect to Vs/2. 

The effect of the Boucherot cell during this period 
is not sensible as it can be seen in Figure 21; while 
Rp acts principally during the flyback decay time 
(Figure 9 : ta - ts) reducing its slope and the resulting 
oscillations but doesn't influence the total flyback 
time as shown in Figure 22. So their influences are 
also negligible. 

Now the effective voltage drop across the yoke can 
be approximated to : 


Figure 25 can be simplified as shown in Figure 26. 


Figure 26 : Simplified Circuit for the Calculation 
of Flyback Duration. 
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The voltage charges the coil with a linear current 
that can be calculated in the following way : 


K is calculated imposing that the current at the 
beginning of the flyback is - Ip. 


At the end of the flyback period the current will be 
+ Ip, SO we can write : 


10. APPLICATION INFORMATION 


The vertical deflection stages producted by SGS- 
THOMSON are able to cover the complete range 
of applications that the market need for color tele- 
vision and high/very high resolution monitors. 
Television and monitor applications are not very 
different but in monitor field, in addition to the 
linearity and interlacing problems, we have to pay 
attention to the flyback time that must be very short 
for very high resolution models. 

In television applications the most important re- 
quirement is to choose the lowest supply voltage 
possible in order to minimize the power dissipation 
in the integrated circuit, reducing the dimension of 
the heatsink, and the power dissipation from the 
voltage supplier. 

These results can be reached very easily with 
SGS-THOMSON deflection stages because of the 
high efficiency of the flyback generator circuit used. 
In high resolution monitors one of the main prob- 
lems is to reach the very short flyback time re- 
quested; the flyback generator, together with the 
high current and power dissipation capabilities, 
solve all the problems in a simple way. 
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APPLICATION NOTE 
In Figures 27, 28 and 29 are depicted three typical application circuits for the different kinds of integrated 


circuits available. 


Figure 27 : Application Circuit for TDA1170. 
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Figure 28 : Application Circuit for TDA1670A. 
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Figure 29 : Application Circuit for TDA81 70. 
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In the following chapters we shall do the calculation minimum supply voltage necessary to have vertical 

for television and monitor in order to choose the scanning knowing the yoke characteristics and the 

right voltage supply and external network for the Current required for the given application. 

yoke used and the current requirements. Figure 30 shows the terms used in this section, 
while the circuit part involved in the following cal- 


11. SUPPLY VOLTAGE CALCULATION culations is depicted in Figure 31. 


For television applications we shall calculate the 


Figure 30 : Parameters Used in the Calculation of the Supply Voltage. 
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Figure 31 : Circuit Involved in the Calculation of 
the Supply Voltage. 
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Vs = supply voltage. 

Vy = nominal voltage required to produce the 
scanning current including the feedback 
resistance and the 20% increasing for 
temperature variations in the yoke 
current; 


Vy = (1.2 Ry+ Re) ly (19) 


VsaTi = nominal output saturation voltage due 
to the upper power transistor Q1 
(see Figure 32); 

Vsat2 = nominal output saturation voltage due 
to the lower power transistor Qe 
(see Figure 33); 


Vom = nominal quiescent voltage (midpoint) on 
the output power transistors; 

Ve = voltage peak due to the charge of Cp 
capacitor; 


VL = voltage drop due to the yoke induc- 
tance Ly; 


APPLICATION NOTE 


Figure 32 : Saturation characteristic of the Upper 
Power Transistor. 
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Figure 33 : Saturation characteristic of the Lower 


Power Transistor. 
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Vb = nominal voltage drop on Dp diode in 
series with the supply; 
T = vertical scan period; 
tF = flyback time; 
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= scanning time; 


= peak to peak deflection current; 
7 = nominal yoke resistance; 

= nominal yoke inductance; 

= feedback resistor. 


DE 
| 


Referring to Figure 30 it is easy to see that the 
minimum supply voltage is given by : 


Vs = Vom+ Vtop (22) 


where : 


V 
Vom = a Vsat2 + Vo+ Vi (23) 


and: 


Vi- Ve (24) 


V 
Vtop = ae Vp + Vsati — 


So we obtain: 
Vs = Vy+ Vo+ Vsati + Vsat2 (25) 


The (25) gives the minimum voltage supply if we 
do not consider the tolerances of the integrated 
circuit and of the external components, but the 
calculation, even if it was not realistic, it was useful 
in order to understand the procedure. 

Now we shall do the same thing considering all the 
possible spreads; we can in this way obtain the be 
minimum supply voltage. 

We shall follow the statistical composition of 
spreads because it is never possible that all of them 
are present at the same time with the same sign. 


We must consider the following spreads : 

eAVy — due to the variation of yoke and feed- 
back resistance and yoke current, sup- 
posing a 10% of regulation range in 
scanning current and a precision of 7% 
for resistors; 


AVy = (1.2 Ry+ Re) 1.07 (1.1 ly) -— Vy 


(26) 
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due to the tolerance of Cp and yoke cur- 
rent regulation; 


eAVc 


1.1 ly ts _ 


AVc = ~~ 
- 8 Cocmin) 


e AVL due to the tolerance of Ly (+ 10%) and 


yoke current regulation; 


1.4ly 1.1 Ly y 


AVL = 
ts 


AVsati 
AVsat2 


Vsati(MAX) — Vsati 
VSAT2(MAX) — VSAT2 


For each parameter, it is necessary to calculate the 
factor p, expressing the percentual influence of 
every parameter variation on the nominal supply 
voltage, with the following formulas : 


for Vom: 


for Vtop : 


We have then to calculate the square mean root of 
the spreads expressed as : 


VD p?2 


So if we call : 


and: 


We can write : 


Vs = Vomi+ VtToPi (29) 


SON 


ky SGS THOMSON 


24 


An example of calculation will better explain the 
procedure. We shall consider a 26", 110°, 
neck 29.1mm tube whose characteristics are : 

ly = 1.2 App; 

Ry = 9.6Q + 7%; 

Ly = 24.6mH + 10%. 


We shall use a coupling capacitance Cp of 1500uF 
with + 50% and - 10% tolerance and a feedback 
resistance Re of 1.2Q. 


a) Nominal minimum supply voltage : 


Vy = (1.2 Ry+ Re) ly = 15.264 V 
Vo => 


VU = —— = 


Vsat1 = 1.25 V 
Vp = 1V 
Vom = 11.788 V 


Vsat2 = 0.68 V 


Vtop = 6.406 V 
We obtain : Vs = 18.2V 


b) Statistical minimum supply voltage : 


AVc = 2.702V 


VW/o 
PVym = Vom 


V¥/p 
~ VTop 


0? w= 1.313- 10°? 


PVyr 0? wr= 4.447- 1072 


p* vem = 1.421- 1078 
0° Vor = 4.813 - 1078 


AVc = 0.445 V 


07 vim= 6.914. 1074 
0° vis= 2.341 - 1073 


AVL = 0.31 V 


AVsat2 = 0.27V —p* Vearoy = 5.246- 1074 


Vomi = Vom f 


Vtop1 = VToP c +V 2% p* 


Vs = Vomi + Vtopt 
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This is a real value for the minimum supply voltage 
needed by the above mentioned application. 
In this case we obtain a flyback duration of about : 


12. CALCULATION OF MIDPOINT AND GAIN 


For the calculation of the output midpoint voltage, 
it is necessary to consider the different feedback 
network for the applications of the various inte- 
grated circuits. 

We shall first consider the TDA1170 family, the 
TDA1175, TDA2170, TDA2270, TDA8170, 
TDA8172, TDA8173, TDA8175 and TDA8176. 
The equivalent circuit of the output stage is repre- 
sented in Figure 34. 


Figure 34 : Circuit Utilized for the Calculation of 


midpoint and gain for TDA1170, 
TDA1175, TDA8176, TDA2170, 
TDA2270, TDA8170, TDA8172, 
TDA8173 and TDA8175. 
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For DC considerations we shall consider the two 
Capacitors as open circuits. Because of the very 
high gain of the amplifier we can suppose : 


V~ = Vr. 
We can so write: 


ly + lo = Ig (30) 


17/24 


25 


APPLICATION NOTE 


where : 


Let’s consider now, TDA1670A, TDA1675, The equivalent output circuit is depicted in Fig- 
TDA1770A, TDA1771, TDA1872A and TDA8174. ure 35. 


Figure 35 :Circuit Utilized for the Calculation of Midpoint and Gain for TDA1670A, TDA1675,TDA1 770A, 
TDA1771, TDA1872A and TDA8174. 


V9OVERT-35 
We can write : 


ly = leo (32) lo + Ig = Ig (33) 


where : 


, Ba + Re Ra(Ri + Re) |) _ Vi; Ra + Re | Ra - Re 
Ri Ri (Re + Rs) ‘{ Rt Ri (Re + Rs) 
Referring to Figures 34 and 35, it is possible to ing approximations : 
calculate the transconductance gain of the power - the capacitors are practically short circuits; 
amplifier. For this calculation we shalldo the follow- —- the gain A of the amplifier is very high (A > -~). 
18/24 | 
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For the circuit represented in Figure 34 we while for the application in Figure 35 the yoke 
obtain : current results in : 


Re + Ra//Rg//Ro V; 


ly = (37) 


Ri: Rs 


Using the (31), (34), (35) and (36) it is possible to different yoke known the scanning current and the 
calculate the external feedback network for every midpoint output voltage. 


Figure 36 : Open Loop Gain and Phase for the Application Circuit in Figure 27. 
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Figure 37 : Open Loop Gain and Phase for the Application Circuit in Figure 28. 
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APPLICATION NOTE 


We can now consider the open loop gain of the 
whole system amplifier plus external feedback net- 


work. This calculation is useful in order to verify that 


no oscillations can occur at any frequency. 


Figure 38 : Open Loop Gain and Phase for the Application Circuit in Figure 29. 
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We shall consider some typical applications; the 


results are reported in Figures 36, 37 and 38. 

It is easy to verify that in all cases, when the gain 
reaches OdB, the phase margin is about 60°, so the 
stability of the system is assured. 


13. MONITOR APPLICATIONS 


- In monitor applications the flyback time needed 
could be very smaller than the one we getusing the 
minimum supply voltage calculation. 


It is possible to reduce the flyback time in two 
different ways : 

a) increasing the supply voltage, when the nominal 
value calculated is lower than the integrated circuit 
limit; 

b) choosing a yoke with lower values in inductance 
and resistance and by supplying the circuit with the 
voltage needed for getting the right flyback time. 


In both cases we have to calculate the biasing and 
the gain conditions using the nominal voltage and 
then we fix the supply voltage for the flyback time 
requested with the formula (18) : 


ew ly 
3. off 


Vs = 


The calculation procedure for monitors is so the 


20/24. 


28 


VSOVERT-38 


same as the one we have explained in the previous 
chapters for television applications. 


14. POWER DISSIPATION 


We shall now examine the power dissipation of the 
integrated circuit and the dimensions of the 
heatsink. 

To calculate the power dissipated we must consider 
the maximum scanning current required to drive 
the yoke lymax) and the maximum supply voltage 
Vsimax) because we have to dimension the 
heatsink for the worst case. 

The current absorbed from the power supply is 
depicted in Figure 39. 


Figure 39 : Current Absorbed from the Power 
Supply during Scanning. 
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The equation of the curve is : 


forO<t<T/2 


for T/2<t<T 


To the previous one we have to sum the DC current The power absorbed by the deflection circuit is 
necessary to supply the other parts of the circuit then : 
(quiescent current). 


T/2 
= J Vs(Max): i(t)- dt+ Vs(max)- Ipc 


1/2 ( Ivmaxy — ly(ax 
Vs(Max) ic f ae are t | dt+ Vs(max): Ipc 


The solution is : 


ly(MAX 
Pa = Vs(Max) [ et) 4 


8 


The power dissipated outside the integrated circuit must be considered, the power dissipated in the 
is formed by the three following fundamental com- feedback resistance Rr and that one dissipated in 
ponents : the scanning power dissipated in the the diode for recovery of flyback. 

yoke for which the minimum resistance of yoke The power dissipated outside the integrated circuit 
Ry(min) and the maximum scanning current ly(Max) is then: 


T a T/2 
J, (Ryqiny + Re) i (t)- dt+ i} Vp i(t)- dt 


2 
T | | T/2 | | 
(Roary + Pr) J ie anew 7 at + Vo [ — iyo 


2 T 2 T 


The solution is : 


_ Fyawaxy (Rye + Br), !awax «Vo 
: eee (39) 
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The power dissipated inside the integrated circuit is : 
Pp = Pa-— Py (40) 


The thermal resistance of the heatsink to be used tance between junction and tab RTH u-TaB) that is 


with the integrated circuit depends upon the maxi- different for the various packages used. The ther- 
mum junction temperature Ty(max), the maximum mal resistance of the heatsink is expressed by the 
ambient temperature Tams and the thermal resis- following formula : 


TJ(MAX) — TAMB(MAX) 


RTHJ-AMB = — RTH s-TAB (41) 


PD(MAX) 
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As an example we can calculate the dissipated 
power and the thermal resistance of the heatsink 
for the 26", 110°, neck 29.1mm tube for which we 
calculated the minimum supply voltage in chap- 
ter 11. 


Pa = 25 ta 0.04 | = 4.75W 


8 


We shall consider the integrated circuit TDA1670A 
and we can suppose a maximum supply voltage of 
25V. 

The power absorbed from the supply is : 


The power dissipated outside the integrated circuit is : 


ee 12 


1.27(9.6- 0.93+ 1.2) zo ee 


2 = 1.37W 
S = 137 


, therefore the power dissipated by the integrated 
circuit Is : 


Pp = 4.75- 1.37 = 3.38 W 


The thermal resistance of the heatsink, considering 
the RTH u-tas for the multiwatt package of 3°C/W, 
a maximum junction temperature of 120°C and a 
maximum ambient temperature of 60°C is : 


120 — 60 


RTH H-AMB = —~3 = 15°C/W 


3.38 


For the same application with TDA1170S we have 
a thermal resistance for the heatsink of about 
8°C/W. 


15. BLANKING PULSE DURATION ADJUST- 
MENT 


For the devices that have the blanking generator it 
is possible to adjust the blanking pulse duration. 
We shall consider as an example the TDA1670A; 
the circuit arrangement is depicted in Figure 40. 


Figure 40 : Circuit Arrangement for Blanking 
Pulse Duration Adjustment. 
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By adjusting R3 the blanking pulse duration will be 
adapted to the flyback time used and the picture 
tube protection will be ready to work properly. 
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When necessary, it is possible to use a trimmer 
system to adjust it very carefully. 


16. LINEARITY ADJUSTMENT 


The complete vertical stages have the possibility to 
control the linearity of the vertical deflection ramp. 
There are two different methods to obtain the 
above mentioned performance. 


a) For the first method we shall refer to 
Figure 41. 


Figure 41 : Circuitry for Ramp Linearity Regula- 


tion. 
Buffer 
stage 
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The linearity regulation is obtained by means of Ra, 
Rep and Rte. 


In order to choose the right values of this compo- 
nents we suggest to follow the following proce- 
dure : 

1 - Set the amplitude regulation potentiometer Rri 
for the nominal raster size; 

2 - Disconnect the Ra resistance; 

3 - Adjust the linearity control potentiometer Rre in 
order to obtain the top and the bottom of the raster 
with the same amplitude; 

4 - In this condiotion the center of the raster must 
be narrower then the top and the bottom. If with Ra 
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disconnected the center is larger than the top and 
the bottom it is necessary to act on the feedback 
network. Referring to Figures 27, 28 and 29 it is 
necessary to increase the capacitors C11, Cg or Ce; 
5 - After increasing the capacitors it is necessary to 
repeat the linearity adjustment (R12 potentiometer) 
in order to get the top and the bottom with the same 
amplitude again; 

6 - Connect the Ra resistor and repeat the linearity 
adjustment (point 3 regulation); 

7 - Check the top and the bottom amplitude com- 
paring it with the center. If the center amplitude is 
still narrower it is necessary to reduce Ra. If the 
center amplitude becomes larger it is necessary to 
increase Ra. 


Note : Every time the linearity conditions are 
changed (for adjusting or setting) before checking 
the linearity status, the point 3 adjustment must be 
repeated. 


b) For the second method we shall refer to 
Figure 28. 


In this case the linearity regulation is obtained ° 


acting directly on the feedback network, that is 
substituting the Rg resistance with a potentiometer. 
This solution is cheaper than the first one, because 
it is possible to save the resistors Ra, Re (see 
Figure 41), the potentiometer Rr2 and to use only 
a capacitor instead of the series Ci and Co. 

On the other hand a disadvantage is due to the fact 
that the resistance Rg influences not only the li- 
nearity of the ramp but also the gain of the amplifier, 
as itcan be seen in the equation (36). So to perform 
a linearity adjustment it is necessary to act at the 
same time on the potentiometer in the feedback 
loop and on the potentiometer Rrt1 (see Figure 41) 
in order to correct the vertical amplitude variations. 


On the contrary, in the method a) the linearity - 


control network doesn’t influence any other par- 


ameters. this is the reason why the a) method is - 


generally adopted by all television set producers. 


17. FACILITIES AND IMPROVEMENTS 


In this section we shall briefly examine some fa- 
cilities which may be useful to improve operations 
of the television set. 


a) Blanking generator and CRT protection for 
TDA1170 family. 

At pin 3 a pulse is available which has the same 
duration and phase as the flyback and amplitude 


APPLICATION NOTE 


equal to the supply voltage. 

If the retrace duration is not sufficient for carrying 
out correct vertical blanking, for instance in the 
presence of text and teletext signals the circuit of 
Figure 42 can be used. 

The true blanking generator is formed by Q1,R3 and 
C2 and the blanking duration is dependent upon the 
values of Rg and C2. The other components are 
used for picture tube protection in the event of loss 
of vertical deflection current. If for any reason there 
is no flyback, the transistor Qi is permanently 
inhibited and provides continuous switch off which 
eliminates the white line at the center of the screen. 
Thermal stability and stability with the supply volt- 
age is good in relation to the simplicity of the 
application. 


Figure 42 : Blanking Generator and CRT Protec- 
tion for TDA1170. 


to pin6 


to pinl 
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b) Vertical deflection current compensation to 
maintain picture size with beam current vari- 
ations. 


Changes in the supply voltage or the brightness 
and contrast controls will bring out changes of the 
beam current, thus causing EHT and picture size 
variations. 

The rate of change of the picture size is mainly 
dependent upon the EHT internal resistance. 

In order to avoid variations of the vertical picture 
size it is necessary to track the scanning current to 
the beam current. Because the tracking ratio : 


varies from one chassis design to another, three 
suggested tracking circuits are shown in Figures ° 
43, 44 and 45. 
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APPLICATION NOTE 


The circuit in Figure 43 adopts the straight forward 
technique of linking the vertical scanning current 
directly to the beam current .lts drawback lies in the 
fact that a long wire connection is required between 
the EHT transformer and the vertical circuit, and the 
layout of this connection could be critical for fla- 
shover. 


Figure 43 : Circuit for Vertical Scanning Current 
Variation according with the Beam Current. 
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The circuit of Figure 44, which links the vertical 
scanning current directly to the supply voltage, is 
the simplest one. Its drawback could be incorrect 
tracking ratio and ripple on the supply voltage. To 
overcome the drawbacks of the preceding circuit it 
is usefull to filter out the supply voltage ripple and 
adjust the tracking ratio by transferring the supply 
voltage to a lower level by means of a Zener diode 
as shown in Figure 45. Tracking ratio is adjusted 
by choosing a suitable Zener voltage value. 


Figure 44 : Circuit for Vertical Scanning Current 
Variation according with the Supply 
Voltage. 
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Figure 45 : Circuit for Vertical Scanning Current 
Variation according with the Supply 
Voltage. 
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18. GENERAL APPLICATION AND LAYOUT 
HINTS 

In order to avoid possible oscillations induced by 
the layout it is very important to do a good choice 
of the Boucherot cell position and ground placing. 
The Boucherot cell must be placed the most 
possible closed to the vertical deflection output of 
the integrated circuit, while the ground of the sens- 
ing resistor in series connected with the yoke must 
be the same as the one of the integrated circuit 
and different from the one of other power stages. 
Particular care must be taken in the layout design 
in order to protect the integrated circuit against 
flashover of the CRT. For instance the ground of 
the filter capacitor connected to the power supply 
must be near the integrated circuit ground. 
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APPLICATION NOTE 


TECHNICAL INFORMATION 


1. ABSTRACT 


The system evolution in the monitor field leads to 
develop suitable 1.C.’s whose performances and 
characteristics are mainly monitors oriented rather 
than TV oriented. The automatic frequencies raster 
preset of the monitor by computer and optical 
equipments leads to the adoption of Digital to An- 
alog converters in order to set the different param- 
eters, and consequently all regulation must be DC 
compatible. 


High scanning frequency and low jitter are addi- 
tional factors that characterize the quality and the 
resolution of the monitor. In this note new circuit 
solutions on silicon, concerning the monitor field, 
are described. In a single I.C., making use of TTL 
compatible synchro pulses, horizontal and vertical 
processing functions and vertical ramp generation 
are implemented. 


INTRODUCTION 


In Fig.1 is shown the block diagram of TDA8102A. 
Horizontal frequency and phase as well as vertical 
frequency, amplitude and linearity are all DC ad- 


Figure 1. 
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justable on different terminals.The horizontal 
phase adjustment within + 45° is implemented on 
first PLL (sync-oscillator) rather than on the second 
PLL (flyback-oscillator) allowing the raster to be 
centered in case of no standard phase sync posi- 
tion. 


An additional feature makes the raster phase inde- 
pendent by the duty-cycle of the input synchroniz- 
ing pulse thanks to an internal shaper circuit 
generating a standard sync pulse starting from the 
leading edge of input signal. 


The vertical amplitude changes depending on a 
voltage amplifier whose gain is set on Pin 16 ; the 
peak to peak voltage of the sawtooth does not 
influence its average value which is maintained 
constant. 


The current capability of the horizontal output stage 
(Pin 7) is such to directly drive an external darling- 
ton used as line power switch. 


Since part of the jitter effect is due to the internal 
voltage reference circuits, an external pin con- 
nected to the Vco supply voltage is got available 
for noise filtering (Pin 19). 
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3. FUNCTIONAL DESCRIPTION 


Here following are briefly described all the func- 


tional blocks of TDA8102A. 


3.1 Horizontal oscillator 


The circuit in Fig.2 is a Current Controlled Oscilla- 
tor, it works charging and discharging the capacitor 
at pin 2 between two thresholds Vsi = 2.5V and 
Vs2 = 6.5V coming from an internal resistor divider. 
This one is also used to provide a voltage reference 
at pin 1 (Vi = 3.5V) by means of a unity gain 
amplifier. 


Figure 2. 


3.2 Horizontal synchronism shaper circuit 


The electric diagram shown in Fig.3 can be divided 
in three stages. The first of which is anegative edge 
detector able to set the S-R flip-flop each time that 
a negative edge of the sync pulse is applied to the 
input (Pin 4). 

The second one is a differential stage that feeds 
the first phase comparator (@ 1). 


Figure 3. 


© all DISCHARGE |2 == 
CHARGE |g  ¢ 


APPLICATION NOTE 


An external resistor connected between Pin 1 and 
ground sets the current reference. 


This current is mirrored with 0.5 : 1 ratio to charge 
the capacitor Co at Pin 2, and with 2 : 1 ratio to 
discharge Co. 


The charging and discharging time ratio will result 
ind: 1. 

The differential switch Q22-Qa3 is driven by a S-R 
flip-flop, which changes its state every time that the 
peak of the triangular waveform reaches one of the 
two thresholds Vs1 or Vso. 


> 
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The third stage uses an external capacitor to pro- 
duce a ramp on the Pin 5. As soon as the peak of 
the ramp reaches the internal threshold (6V) the 
external capacitor is suddenly discharged and the 
flip-flop is reset. 


The horizonal sync pulse width on the collector of 
Qsg9 will depend on the value of the capacitor at 
Pin 5. 


V90TDA8102A-03 
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APPLICATION NOTE 


3.3 First phase comparator ( 1) and phase 
adjustment interface circuit 


In the circuit of Fig.4, a comparator squares the 
horizontal waveform using as voltage reference 
Vref1 which represents the output of the phase 
adjustment interface circuit. 


If the voltage at Pin 10 changes in the range from 
0.5V to 4.5V, the phase will shift of + 45° between 
the sync and the flyback pulse. 


Figure 4. 


DC HOR 
PHASE ADJ. 


3.4 Second phase comparator (9 2) between 
flyback and oscillator 


This circuit recovers dynamically the deflection 
delay of line output transistor. 


The flyback pulse applied to Pin 8 (see Fig.5) is 
detected and clamped at a voltage level of 0.7V. 


Figure 5. 


CHARGE 
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DISCHARGE 


The rectangular waveforms that are the outputs of 
first differential amplifier are applied to another 
differential stage which is activated only during the 
horizontal sync pulse coming from the horizontal 
sync shaper circuit. 

The product in terms of current of the sync signal 
and the oscillator signal is available at Pin 3. 

Two clamp limit the maximum voltage range of 
Pin 3 (from 1V to 6V) and consequently the hold in 
range of the CCO. 


HOSC SYNC 
V90TDA8102A-04 


This circuit is similar to @ 1, the substantial differ- 
ences are two, the input pulse is the flyback pulse 
instead of sync pulse and the first differential stage 
is activated by S-R flip-flop of horizontal oscillator. 
The @ 2 output acts on the horizontal output stage 
in order to shift the output pulse to recover the 
deflection delay. 


3] HOR FLYBACK 
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3.5 Phase shifter, output stage and start up 
circuit 

The storage time ts of the line output transistor is 
recovered by advancing the leading edge of the 
output pulse of ts with respect to the phase of the 
sync reference. 

The triangular oscillator waveform (Fig.6a) is com- 
pared with internal threshold Si and Se whose 
voltages depend upon the voltage level present at 
the output of phase comparator © 2. 

The voltage difference S1-S2 is constant and this 
value fixes the duty-cycle of the horizontal output 
pulse present at Pin 7. 


Figure 6a. 


Figure 6b. 
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During the positive slope of the oscillator the output 
pulse (Pin 7) is low when the triangular waveform 
voltage is in the voltage range established by Sj 
and Se; whereas during the negative slope of the 
oscillator the output pulse is always at high level 
thanks to a comparator drived by S-R flip-flop of 
horizontal oscillator. 


As shown in Fig.6a, a transistor insures that the 
output pulse is low when the flyback pulse is pres- 
ent. 


At the switch on, the horizontal output stage (Pin 7) 
is inhibited until the power supply does not over- 
come 8 V. 


V90TDA8102-06A 


About the maximun allowable delay, it depends on 
the flyback time and the working frequency (see 
Fig.6b).. 

The PLL2 works in such a way to maintain the 
middie of the flyback exactly in correspondence 
between the crossing of the Vrer = 4.5V and the 
oscillator ramp. 

Then if you suppose to have zero delay time, the 
switch-off edge of the output pulse will rise at point 
"A" now if the delay time increases the switch-off 
edge will move to point "B" to recover the delay. 
The equation to calculate the tp with a good approx- 
imation ts the following : 


Maximum Allowable Delay : 
_ tr _ try 


b=5- “> 


where tr is the rise time of the horizontal 
ramp = 3/4 T and tery is the flyback time. 
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APPLICATION NOTE 


3.6 Voltage regulator 8 V 


The voltage reference, Fig.7, is a band-gap circuit 
that allows on the output a voltage reference equal 
to 2.622V that means a voltage VL = 8V. 

By means of zener zap is possible to adjust, during 
the testing, the voltage reference from + 6% into a 
+ 2% range. 

Vi feeds all the circuits of the vertical side and, by 
means of a unity gain amplifier, provides a voltage 
reference (Vrer) at Pin 19 to supply all the circuits 
of the horizontal side. ° 

The unity gain amplifier is necessary to avoid all the 
possible interactions between the horizontal and 
vertical sections. 

Moreover, to minimize jitter on the horizontal oscil- 
lator, is possible to connect an external capacitor 
between Pin 19 and ground. 


3.7 Vertical oscillator 


A new concept of vertical oscillator is implemented 
in this |.C. whose resistor divider, used to set the 
lower and higher thresholds (Viow = 2V ; 
Vhigh = 6.8V), is not commutated . 

The circuit shown in Fig.8 works charging an exter- 
nal capacitor connected at Pin 13 with a current set 
at Pin 12 and reflectd to Pin 13 through a current 
mirror. 

As soon as the ramp gets Vm or Vhigh the capacitor 
is quickly discharged by a darlington, the voltage 
on the capacitor will fall down till to get the lower 
threshold; at this point the darlington will be driven 
off and the current will charge again the capacitor. 
A buffer is used to decouple the ramp generator 
from other circuits (like linearity correction and 
amplitude regulation circuits). 

The lower threshold is detected by a differential 
stage whose current generator is only activated 
during the discharge phase. 

A comparator detects the higher threshold corre- 
sponding to the free running frequency; if no sync 
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Figure 7. 
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pulse (negative edge) is applied on Pin 14, this 
stage is continually fed and the capacitor at Pin 13 
is discharged when the vertical ramp reaches Vhigh. 
If the sync pulse is present the previous comparator 
will be inhibited and another comparator, which has 
the threshold at 5.2V (Vm), will be activated. 

This last comparator, when it is set going, is able 
to cause the discharge of the capacitor at Pin 13 if 
the vertical ramp is between the thresholds Vm and 
Vhigh. 

In this way the vertical synchronization is estab- 
lished. 

To guarantee that the vertical oscillator is locked in 
the middle of the pull-in range is necessary to adjust 
the current at Pin 12 until the peak of the vertical 
sawtooth, in locking condition, reaches the voltage 
equal to: 


Vp = nt hit «6 V 


that means Vpp = 4V. 
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Figure 8. 


3.8 S Correction circuit and DC linearity 
adjustment 


The circuit which is used to realize a new concept 
of vertical linearity regulation is shown in Fig.9. 


A comparator squares the vertical sawtooth using 
as voltage reference a fixed value (4V) that is the 
average value of sawtooth. 


This squared signal is used to drive a particular 
configuration of differential stage in order to obtain, 
in terms of current, a triangular waveform which 


Figure 9. 


An external feedback resistor in series to a capac- 
itor (to avoid any DC offset) must be connected 
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4| VERT SYNC 
INPUT 
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inverts its slope just when the original sawtooth 
crosses the voltage reference. 


This current signal is converted in voltage by a 
resistor divider and transferred on Pin 18 through 
a buffer. 


The peak to peak voltage on this pin depends on 
the maximum current that the output differential 
stage is able to handle, the value of this current can 
be externally regulated by means of Pin 17 through 
a transconductance amplifier. 


DC VERT. 
LINEARITY 
AD. 
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between Pins 18 and 12 in order to obtain the 
proper S correction as shown in Fig.10. 
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APPLICATION NOTE 


Figure 10. 


3.9 Vertical amplitude regulation circuit 


This function has been implemented using the 
circuit configuration that can be seen in Fig.11. 

It consists of an Op-Amp in non inverting input 
configuration and of a variable gain OTA whose 
gain can be set by means of the Pin 16 through a 
transconductance amplifier. 

Both the inputs of the two circuit handle the vertical 
ramp and the output of the multiplier is fed back to 
the inverting input. 

The control circuit is a transconductance amplifier 
that modulates the current of the variable gain OTA 
depending on the DC voltage applied on Pin 16. 


Figure 11. 
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Feedback 
effect 
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This circuit guarantees a gain adjustment of + 20% 
around the nominal value. 


4. CONCLUSION 


This new I.C. can be considered as a first step 
towards a new generation of serial bus compatible 
LSI circuits in which additional logic function can be 
implemented and all the D/A converters can be 
included. 


It is assembled in 20 pins DIL plastic package able 
to dissipate the 0.7W required by a typical applica- 
tion. 
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All the information is referred to the above men- 


SGS-THOMSON "Vertical Deflection Stages for TV 
tioned figure. 


and Monitor" by A. MESSI 


In Fig.12 is shown a typical application of the 


TDA8102 A with the TDA8172, which is a vertical 
booster; for further information regarding TDA81 72 


APPLICATION INFORMATION 
consult the note : 


Figure 12. 


V90TDA8102A-12 


suoneoidde ouaueb 30) sou) + BouE|sISAJ B YUM 
Penyisans sigiy dn yoow ey] UO 19 UO spuedep GLY jo enfea sul, EN 


ee due | 


Uwsl Oecd 


att 
Sto 


uoNnse105 2D. 


Uy 
6lY 
GUA0l bY 


i : S) G»001 Ley 
A001} a Uz soot 


69 bey ap! a uzz 0 


GND 480g 20H 


9/16 
41 


MICROELECTRONICS 


‘STA SGS-THOMSON 


APPLICATION NOTE 


5. HORIZONTAL SECTION 


5.1 Frequency 

The device is able to work from 15 KHz to 100 KHz. 
The free running frequency is fixed by the resistor 
at Pin 1 (Res) and by the capacitor at Pin 2 (C17) 
with the following formula: 


1 


lo= Ko X Ras X C17 


where Ko is typically 3.0476 + 5% (see data-sheet). 
In the aplication of Fig.12, using Res = 6.8kQ and 
C17 = 1.8nF, we obtain: 


6 
10 ~ 26.808kHz 


'o=30476x 68x18 


The maximum available current at Pin 1 is 1mA, so 
it must be aks <1mA. 

R25 
By means of trimmer Pz, it is possible to adjust the 
horizontal free running frequency, that changes 
accordingly with the following formula: 


fu = fo { 1- Wp = Va) # Res | 


V1 / Res 


where 0 < Vp < BV is the voltage at the central point 
of the trimmer (see Fig.13). 


Figure 13. 
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5.2 Pull-in range 


This range is determined by the ability of the first 
comparator (@ 1) to correct the difference between 
the sync frequency and the free running frequency 
and it is set by Rea and Res. 


| V3 — Vi] / Rea 


foull-in = fo Vif Ros 


|V3 - Vi] is typically 2.5V, while V1 = 3.5V. 


This is the theoretical value calculated if the fre- 
quency adjustment is disconnected. 


In the application inf Fig.12 we have: 


2.5 6800 _ 45 3KHz 


fpullin = 26808 "5 56000 


When the frequency adjustment is connected the 
pull-in range changes due to the fact that in parallel 
with Res are connected Ree + Pb (See Fig.13). 


When the device is synchronized and perfectly 
tuned, V3 = V1 and the @ 1 will work in the best way. : 


C17, onthe contrary of Res, is influential only for the 
free running frequency of the horizontal oscillator; 
it has no effect on the pull-in range, which doesn’t 
change in percentage with respect to the free run- 
ning frequency. 


If you change the horizontal frequency changing 
Ros the pull-in range changes accordingly with the 
previous formula. 

5.3 Internal sync. width 


The internal sync. pulse is made by current gener- 
ator (I5) that charges an external capacitor at Pin 5 
(C21) up to the trigger threshold Vs = 6V. 


_ Cai x V5 


ts z 


ts = 1/(12 x fo) is recommended. 


5.4 Phase adjustment range 


The voltage range accepted at Pin 10 is from 0.5V 
to 4.5V, so the resistor divider must be dimensioned 
to supply these values. 


In our application we have : 


AYy, BiSostecases 


42 


cefes IOC os 
~ R7+P3+Reg a 
8 


io 
10min |= Boy a7454 


= 0.447V 


oye MAO 
~ R7+P3+Reg 
8 


V ees: eee 
MO G54 4754 


(P3+Re) 


= 4.575V 


5.5 Flyback input 


The resistor in series at Pin 8 (R27) must be dimen- 
sioned in order to have an input current included 
between 0.7mA and 2mA (typ 1mA), according with 
the following formula: 


6. VERTICAL SECTION 


6.1 Frequency 

The device is able to work form 30Hz to 120Hz. 
The free running frequency is fixed by Ra1 and Cie. 
The formula to calculate the free running frequency 
is the following: 


Ic 


fy =>————_—__— 
. (Vhigh — Viow X Ci6 


but 


then 


Vie2 


a eee Pr 
*~ (Vhigh — Viow ) X C16 X Roy 


where V12 = 3.5V, Vhigh = 6.8V and Viow = 2V. 
In the application proposed the free running fre- 
quency is: 
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3.5 x 10° 


fy = 53.4Hz 


~ (6.8 —2)x 220 x62 


With the trimmer Ps is possible to change the 
current that charges Cig and consequently to 
change the free running frequency. 


The current in C16 due to this correction become: 


7 Via Vp-Vie 
Roy Roe 


Ic 


where 0 < Vp < 8V is the voltage at the central point 
of the trimmer (see Fig.14). 


Figure 14. 
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It is easy to substitute the new Ic in the formula in 
order to obtain the new free running frequency. 


6.2 Pull-in range 


The vertical pull-in range is fixed by internal thresh- 
olds. 


With reference to figure 15: 
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APPLICATION NOTE 


Figure 15. 


V90TDA8102A-15 


we can write : 


foull - in = fmax - fv 


_ (Vhigh - Vm ) 


= —— + x ty = Kia x t 
: ( Vhigh — Viow ) . : 


the value of K14 is 0.333 (see data-sheet). 


6.3 Amplitude adjustment range 
The voltage range accepted at pin 16 is from 0.5V 
to 4.5V. 


So the resistor divider must be dimensioned to 
supply these values. 


In our application we have: 


fos VAD 
~ Rs5+Po+Re ° 


8 
~ 394+4745.1 oa 


V1 6min 


= 0.447V 
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ee se 
~ R5+Po+Re 
8 


V ee erat 
Vemex: |= 39447454 


( Po + Re ) 


= 4.575V 


This system allows a vertical ramp amplitude vari- 
ation of + 20% around the nominal value; the value 
of amplitude of vertical ramp at Pin 15 can be 
determined with the following formula: 


Vi5pp =[Kie (Vie - 2.5) + Ki5] Viapp 


Where Kis is typically 1 and Kie is typically 0.1 (as 
you can see on the data-sheet). 


6.4 Vertical DC reference 


The average value of the vertical ramp at Pin 15 is 
the half of Vig, then with a resistive divider this DC 
voltage can be used as reference for the vertical 
booster as shown in Fig.12. 


For a best noise immunity we suggest to filter Vio 
with an electrolytic capacitor. 


6.5 Linearity correction 


The "S" correction is performed with the new con- 
cept described in chapter 3.8. 


The adjustment is obtained varying the DC voltage 
at Pin 17 from 1.5 to 4.5V, then the resistor divider 
(R3, P1 and R4) must be dimensioned for obtaining 
this range of values. 


In our application we have: 


eos ISL =e 96 
Rea Pa Ae 


8 
~— 51447422 ee 


V47min 


= 1.466V 
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ee eee 
“hip 


8 


= 51447420 °° 


Vi7max 


= 4.6V 


The "S" correction is not performed when the volt- 
age at Pin 17 is 1.5V, while it is maximum when the 
Pin 17 voltage is 4.5V. 

You can verify this using the following formula: 


Vi8spp = K1g (V17 - 1.5) 


where Kis is typically 1. 

If the CRT requires a higher "S" correction, it is 
possible to obtain it reducing the value of Reo; 
however take care that C15 in series with Reois a 
high-pass filter with the purpose to cut only the Dc. 
In our application we have: 


1 
~~ 6.28 x Roo x C45 
10° 


~ 6.28 x 150 x 1 


= 1.06 Hz 


The "C" correction is obtained with a resistor in 
series to a capacitor connected between Pin 15 and 
the central point of the vertical DC feedback of 
vertical booster (Rig and C14). 

The value of Rig is strictly dependent on CRT used. 


7. LAY-OUT SUGGESTIONS 


It is necessary to take care not to connect the 
horizontal output ground (Pin 6) directly to Pin 11, 
to avoid horizontal interference on vertical stages. 
The 15nF capacitors connected on Pins 10, 16 and 
17 have the only aim to filter the DC control voltage 
against horizontal noise, so they must be connected 
as close as possible to the above mentioned pins. 


8. ADJUSTING PROCEDURE 


Here following it is shortly described the procedure 
to adjust horizontal and vertical frequencies, verti- 
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cal amplitude, linearity and horizontal phase. 
Before starting these operations take care that the 
horizontal and vertical synchronization pulses are 
properly applied to the device inputs. 


8.1 Horizontal frequency 


Adjust P4 in order to obtain V3 = V1; in this way the 
horizontal synchronisation is perfect, and the pull-in 
range is maximum in both directions. 


8.2 Vertical frequency 


Adjust the vertical ramp amplitude using Ps in order 
to have 4Vpp; in this way the vertical frequency 
value is in the middle of the synchronization range; 
as shown in Fig.16. 


Figure 16. 


Ramp at Pin 13 


Vertical Sync. 
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This operation is important because some internal 
circuits are dimensioned for a 4vpp ramp. 


8.3 Vertical amplitude and horizontal phase 


Looking at the display correct P2 for the right vertical 
amplitude and adjust P3 in order to have the correct 
horizontal phase. 
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8.4 Vertical linearity 

If the vertical ramp at Pin 13 is correctly set the 
central point of the "M" waveform at Pin 18 will be 
at the center of the scan; in other case, using Ps, 
lead the central point of "M" in correspondence of 
the scan center (see Fig.17). 


where : ts = scan time 
tv = 1/fv = vertical period 


Figure 17. 
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tsc = scan centre 
tc = period centre 


In this way the S linearity correction has a uniform 
behaviour on the top and bottom sides of the CRT. 
Now looking at the display, adjust P1 to obtain a right 
S correction and select R19 value to optimise the C 
correction. 


Vertical 
Scan 


_1 Yoke 
Current 


, Waveform 
: atPin 18 
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Figure 18 : Solder Side. 
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Figure 20 : PCB Layout. : 
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9. COMPONENT LIST 


Ri, Re, Ros 


4749 hor. 
A7K0 ver. 
100nF 


Rig 
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|. INTRODUCTION 


The TEA2260/61 is an integrated circuit able to 
drive a bipolar transistor directly with an output 
base current up to 1.2A. 

So the TEA 2260/61 covers a wide range of appli- 
cation from 80W to more than 200W with all safety 
requirements respected. 

The high performances of the regulation loop pro- 
vide a very low output power due to an automatic 
burst mode. 

The TEA 2260/61 can be used in a MASTER 
SLAVE STRUCTURE, in a PRIMARY REGULA- 
TION or a SECONDARY REGULATION. 

The TEA 2260/61 is very flexible and high perfor- 
mance device with a very large applications field. 
The only difference between TEA2260 and 
TEA2261 concerns security functions (see para- 
graph II.8) 


Figure 1. 
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1.1. MASTER SLAVE MODE (fig.1) 


In this configuration the master circuit located on 
the secondary side, generates PWM pulses used 
for output voltage regulation. These pulses are sent 
via a feedback transformer to the slave circuit 
(Fig.1). 

In this mode of operation, the falling edge of the 
PWM Signal may be synchronized with an external 
signal. By this way the switching off time of the 
power transistor, which generates lot of parasites, 
can be synchronized on the line flyback signal in 
TV applications. 

An other advantage of the MASTER SLAVE 
STRUCTURE is to have a very good regulation not 
depending of the coupling between transformer 
primary and secondary windings, which allows the 
use of low cost switch mode transformers. 
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1.2 BURST MODE (fig.2) 

During start-up and stand-by phases, no regulation 
pulses are provided by the master circuit to the 
slave circuit. 

The slave circuit operates in primary regulation 
mode. When the output power is very low the burst 
mode is automatically used. 


Figure 2 : Burst Mode Operation. 
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1.3. OPERATION OF MASTER SLAVE POWER 
SUPPLY IN TV APPLICATION 

The system architecture generally employed is de- 
picted in Fig.3. On the secondary side a micro 
controller is connected to the remote control re- 
ceiver which generates control signal for the stand- 
by and normal modes of operation (Fig.4). 


e In stand-by mode, the device power consump- 
tion is very low (few watts). The master circuit 
does not send pulses and hence the slave circuit 
works in primary regulation and burst mode. 
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This operating mode of the SMPS effectively pro- 
vides a very low output power with a high efficiency. 
The TEA2260/61 generates bursts with a period 
varying as a function of the output power. * 

Thus the output power in burst mode can varied in 
a wide range from 1W to more than 30W. 


4 Switching 
Period 


DETAIL OF ONE BURST 
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e Inthe normal mode, the master circuit provides 
the PWM signal required for regulation pur- 
poses. This is called MASTER SLAVE MODE. 
The master circuit can be simultaneously syn- 
chronized with the line flyback signal. 

e Power supply start-up. As soon as the Vcc(start) 
threshold is reached, the slave circuit starts in 
continuous mode and primary regulation as long 
as the nominal output voltages are not reached. 
After this start-up phase the microcontroller 
holds the TV Set in stand-by mode or either in 
normal mode. 
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Figure 4 : System Description (waveforms). 
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1.4. SECONDARY REGULATION (fig.5, 6) 

In this configuration the TEA2260/61 provides the 
regulation through an optocoupler to ensure good 
accuracy. 

The advantage of this configuration Is the avaibility 
of a large range of output power variation (e.g 1W 
to 110W). 


Figure 5 : TV Application System Diagram. 
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This feature is due to the automatic burst mode 
(See paragraph II.6). 

The structure in a TV Set is simpler than the 
MASTER SLAVE STRUCTURE because the 
power supply switches from normal mode to burst 
mode automatically as a function of the output 
power. 
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Figure 6 : System Description (waveforms). 
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1.5. PRIMARY REGULATION (fig.7) pends on the coupling between the transformer 
In this configuration the TEA2260/61 provides the primary and secondary winding. 

regulation through an auxilliary winding. Due to the automatic burst mode the output power 
This structure is very simple but the accuracy de- can vary in a large range. 


Figure 7 : TV Application System Diagram. 
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APPLICATION NOTE 


The circuit contains 8 blocks : 

e Voltage reference and internal Vcc generation. 
RC oscillator 

Error amplifier 

Pulse width modulator (PWM) 

"Is logic" for transformer demagnetization 
checking. 

e Current limitation sub-unit (IMAX) 

e Logical block. 

e Output stage. 


.1. VOLTAGE REFERENCE AND INTERNAL 
Vcc GENERATION (fig.9) 
This block generates a 2.5 V typ. voltage reference 


Figure 9 :Voltage Reference Block Principle. 
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11.2. OSCILLATOR (fig 10,11) 
- The oscillator determines the switching frequency 
in primary regulation mode. Two external compo- 


Figure 10 : Operating Principle. 
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valid as soon as Vcc exceeds 4V. It is not directly 
accessible externally but is transmitted to other 
blocks of the circuit. 

This block also generates an internal regulated 
Vcc, Veciint), the nominal value of which is 5V. 
Vcc(int) supplies the circuit when Vcc is higher than 
Vecistart) (10.3V typ.). 

This allows the circuit to achieve a good external 
Vcc rejection, and to provide high performance 
even with large Vcc supply voltage variations. 
This block also generates initialization and control 
signals for the logical block. It also contains the 


_ Vec(Max.) comparator (typ threshold 15.7V). 


RESET 
SIGNAL 
GENERATOR 
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nents are required : a resistor Ro and a capacitor 
Co. The oscillator generates a sawtooth signal, 
which is available on pin 10. 


Vec int (5V) 


2/3 Vec int 
1/3 Vee int 


THRESHOLD 
COMPARATOR 
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APPLICATION NOTE 


Co capacitor is charged with a constant current. 
The current is fixed by Ro which is supplied by 


voltage Vref. 


X Vocint (typ 3.33V), Q Transistor conducts and 


2 
3 


int (typ 1.66V), the discharge is stopped, and the 


resistor. When the voltage reaches 1/3 x Vcc- 
linear charge starts again. 


Co is quickly discharged into an 2kQ (typ) internal 


Ro 
When the voltage across Co reaches 


es 


Ich 


: Sawtooth available accross Co. 


Figure 11 
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Due to the time response of comparators and 
normal spread on thresholds values, the real val- 
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Figure 12 : Frequency as a Fu 
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APPLICATION NOTE 


1.3. ERROR AMPLIFIER (fig.13) 


lt is made of an operational amplifier. The open loop 
gain is typically 75dB. The unity gain frequency is 
550kHz (typ). An internal protection limits the out- 
put current (pin 7) at 2mA in case of shorted to 
ground. 


Output and inverting input are accessible thus 
giving high flexibility in use. The non-inverting input 
is not accessible and is internally connected to 
Vrer (or 0.9 Vrer in burst mode - see paragraph 
1.6 ) 


Before driving the pulse width modulator (PWM) 
and in order to get the appropriate phase, the error 
amplifier is followed by an inverter. 


Figure 14. 
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sawtooth 
AVAVA\ 


TON MAX VOLTAGE 


SAWTOOTH (pin 10) 


The TEA2260/61 actually integrates two PWM : 


e Amain PWM generates a regulation signal (c<) 

_ by comparing the error signal (inverted) and the 
sawtooth. 

e An auxiliary PWM generates a maximum duty 
cycle conduction signal (8), by comparing the 
sawtooth with an internal fixed voltage. Further- 
more, during the starting phase of the SMPS, in 
association with an external capacitor, this PWM 
generates increasing duty cycle, thus allowing a 
"soft" start-up. 

e Alogic "AND" between signals (c<) and (B) pro- 
vides the primary regulator output signal Ta. 
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Figure 13. 
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11.4. PULSE WIDTH MODULATOR(PWM)(fig.14) 


The pulse width modulator consists of a compara- 
tor fed by the output signal of the error amplifier and 
the oscillator output. Its output is used to generate 
conduction signal. 


V9O0TEA2260/61-14A 


V9OTEA2260/61-14B 
Figure 15. 
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1.5. SOFT START OPERATION (fig.16) 

From ti to te, there is no output pulse (pin 14) and 
C; is charged by a 180A current (typically). When 
C1 voltage reaches 1.5V (typically), output pulses 
appear and the charge current of C1 is divided by 
20 (OLA typically), then the duty cycle increases 


Figure 16 : C; Voltage (Pin 9). 
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progressively. When C; voltage reaches 2.7V (typ- 
ically), the soft-starting device ceases to limit the 
duty cycle, which may reach 60% 

Under established conditions C1 voltage is charged 
to 3.1V (typically) 


TON MAX ~ - 


ie 


11.6. BURST GENERATION IN STAND BY (pri- 
mary regulation mode) 


When the SMPS output power becomes very low, 
the duty cycle of the switching transistor conduction 
becomes also very low. In order to transmit a low 
average power, while ensuring correct switching 
conditions to the power transistor, a "burst" system 
is used for energy transmission in stand by mode. 


Principle : 

For a medium output power (e.g. more than 10W), 
the voltage reference is applied to the non- invert- 
ing input of the error amplifier. When output power 
decreases as the minimum conducting time of the 
power transistor is reached, the output voltage 
tends to increase. Consequently the error signal 
applied to the PWM becomes higher than the saw- 
tooth. This is detected by a special logic and the 
voltage applied to the non inverting input becomes 
Vref = 0.9 x 2.5 = 2.25V typically. 


Consequently the regulation loop is in an overvolt- 
age equivalent state and the output pulses disap- 
pear. The output voltage decreases and when it 
reaches a value near 0.9 times the normal regula- 
tion value , the voltage applied to the non inverting 
input is switched again to the normal value 
VREF = 2.5V. Pulses applied to the power transistor 
reappear, the output voltage increases again, and 


V90TEA2260/61-16 


so on... A relaxation operation is obtained, gener- 
ating the burst. 

Futhermore, to avoid a current peak at the begin- 
ning of each burst, the soft-start is used at this 
instant. 


Advantages of this method : 

e improved power supply efficiency compared with 
traditional systems, for low power transmission. 

e automatic burst-mode continuous mode transi- 
tion, as a function of the output power. 

e high stand-by power range. 

e burst frequency and duty cycle adjustable with 
external components to the circuit. 


ll.7. IS LOGIC (fig.17) 

During the transition from the "stand-by" mode to 
the "normal operating" mode, conduction pulses 
generated by the secondary regulator occur con- 
currently with those from the primary regulator. 
These pulses are non-synchronous and this may 
be dangerous for the switching transistor. For ex- 
ample if the transistor is switched-on again during 
the overvoltage phase, just after switching-off, the 
FBSOA may not be respected and the transistor 
damaged. 

To solve this problem a special arrangement check- 
ing the magnetization state of the power trans- 
former is used. 
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Figure 17 : |S Logic Principle Schematic. 


Vee int (5V) 


The aim of the IS Logic is therefore to monitor the 
primary regulation pulses (TA) and the secondary 
regulation pulses (pin 2), and to deliver a signal TB 
compatible with the power transistor safety require- 
ments. 

The IS Logic block comprises mainly two D flip- 
flops. 

Figure 18. 
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Note :The demagnetization checking device just 
described is only active when there are concur- 
rently primary and secondary pulses, which in prac- 
tice only occurs during the transient phase from 
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When a conduction signal arrives, the correspond- 
ing flip-flop is set in order to inhibit a conduction 
signal coming from the other regulation loop. Both 
flip-flops are reset by the negative edge of the 
signal applied to the demagnetization sensing input 
(Is Pin 1). 


SECONDARY 


' REGULATION 
V90TEA2260/61-18 


Stand-by mode to normal mode. 

When ‘the power supply is in primary regulation 
mode orin secondary regulation mode, the demag- 
netization checking function is not activated. 
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11.8. SAFETY FUNCTIONS : Differences be- 
tween TEA2260 and TEA2261 


TEA2260 : 

Concerning the safety functions, Vcc(max) (over- 
voltage detection) VIM1, VIM2 (overcurrent detec- 
tion) the TEA2260 uses an internal counter which 
is incremented each time Vccstop is reached (after 


Figure 19 : TEA2260 Safety Functions Flowchart. 


S.M.P.S. 
starting 


First 
threshold reached 
VIM1 


Vecmax 
reached 


N 
Normal operating 
Coe discharged 


Reset Ca _ Definitive 
stopping 


discharged 


TEA2261: 


The safety detections are similar to TEA2260 for 
Vcc(max) (overvoltage detection) VIM1, VIM2 
(overcurrent detection), but each time a fault detec- 
tion is operating the C2 capacitor is loaded step by 
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fault detection) and try to restart. After 3 restarts 
with fault detection the power supply stops. But in 
certain cases where the TV set is supplied for a 
long time, without swich off, the power supply could 
stop (cases of tube flashes). In this case it is 
necessary to switch off the TV set and swich on 
again to reset the internal counter. 


Second 
threshold reached 
VIM2 


N 
Pulse by pulse current 
limiting Cp charged 


Restart 
number = 3 
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step up to 2.6V, (case of long duration fault detec- 
tion) and the power supply stpos. To discharge C2 
capacitor it is necessary to switch off the TV set and 
to switch on again and the power supply starts up. 
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APPLICATION NOTE 


Figure 20 : TEA2261 Safety Functions Flowchart. 
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11.8.1. | MAX (power tra oe current limita- Figure 21. 
tion) | 

The current is measured by means of a resistor 

inserted in the emitter one power transistor. The Pee Teele lOk 
voltage obtained is applied on pin 3 of the 

TEA2260/61. 

The current limitation device of the TEA2260/61 is 
a double threshold device. For the first threshold, 
there is no difference bet een the two devices, only : . 
for the second threshold V90TEA2260/61-21 
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11.8.1.1. First threshold : VIM1 (typical value) 
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Figure 22 : Current Limitation Schematic Principle. First Threshold Part. 
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Two actions are carried out when the first threshold 

is reached 

e The power transistor is switched-off (pulse by 
pulse limitation). A new conduction pulse is nec- 
essary to switch-on again. 
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e The Ce capacitor, which is continuously dis- 
charged by Idisch current (10uA typically), is 
charged by the current 
Ich - | disch (45uA - 10uA = 35y/A typically), until 
the next conduction pulse. 


Figure 23 : Example of First Current Limitation Threshold Triggering. 


Conduction pulse 


IMAX 
Voltage 
(pin 3) 


Output current 
(pin 14) 


C2 Capacitor 
current 
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The capacitor Cea is charged as long as an output 
overload is triggering the first current limitation 
threshold. When the voltage across C2 reaches the 
threshold Vce (typically 2.55V), output pulses 
(pin 14) are inhibited and the SMPS is stopped. 
Arestart may be obtained by decreasing Vcc under 
the Vcc(stop) threshold to reset the IC. 
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If the output overload disappears before the volt- 
age across C2 reaches Vce, the capacitor is dis- 
charged and the power supply is not turned off. 
Due to this feature, a transient output overload is 
tolerated, depending on the value of Ce (see 
11.2.5). 
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APPLICATION NOTE 


11.8.1.2. Second current imitation threshold 
(VIM2) for TEA2260 

In case of hard overload or short circuit, despite the 
pulse by pulse current limitation operation, the 
current in the power transistor continues to in- 
crease. If the second threshold VIM2 is reached, 
the power supply is immediately turned off and the 
internal counter is incremented. After 3 restarts, the 
power supply is definitively stopped.Restart is ob- 
tained by decreasing Vcc below Vccistop), as in the 
case of stopping due to the repetitive overload 
protection triggering. | 


1.8.1.3. Second current limitation threshold 
(VIM2) for TEA2261 

For this device, if the second threshold is reached, 
the power supply is turned off, C2 is charged and a 
new start-up is authorized only if Vce < 2.6V. 


11.8.2. LOGICAL BLOCK : 

This block receives the safety signals coming from 
different blocks and inhibits the conduction signals 
when necessary. 


1.8.2.1. Logical block for TEA2260 


Figure 24 : TEA2260 Simplified Logical Block Diagram. 


Vcc(reset) 


TB is the conduction signal (primary or sec- 
ondary)coming |from the Is logical 
block. 

TC is the conduction signal transmitted to 
the output stage. 

It is the output signal of the first current lim- 


itation threshold comparator. It is 
memorized by the flip-flop B:. 


lo is the output signal of the second current 
limitation mT. comparator 


Vc2 is the output signal of the comparator 
checking the voltage across Co. 


Vec(Max.) is the signal coming from Vcc 
checking comparator. 
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These three signals Vce, le, Vec(Max.) are Memo- 
rized by Bo. | 

In case of Be flip-flop setting (l2 or Vc2 or Voc(max.) 
defect) the current consumption on Vcc increases. 
This function allows to decrease the Vcc voltage 
until Vcc(stop). After this the current consumption on 
Vcc decreases to Icc(start) and a new start up is 
enabled. 


The Vcciof) signal comes from the comparator 
checking Vcc. A counter counts the number of 
Veco establishment. After four attempted starts 
of the power supply the output of the circuit is 
inhibited. To reset the circuit it is necessary to 
decrease Vcc below 5.5V typically. In practice this 
means that the power supply has to be discon- 
nected from the mains. 
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11.8.2.2.Logical block for TEA2261 


Figure 25. 


Vcc(off) is a signal coming from a comparator 
checking Vcc. When Vcc > Vcc(stop), VcE(off) is 
high. 

Vcc(max) is a signal coming from a comparator 
checking Vcc. When Vcc > Vcc(max),Vcc(max) is 
high. 

l1 is a Signal coming from the first current limitation 
threshold comparator. 

When Imax X RsHunt > VIM1, I1 is high. 

l2 is a signal coming from the second current limi- 
tation threshold comparator. 


Figure 26. 
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When Imax X RSHUNT > VIM2, le is high. 

TB is the conduction signal coming from the error 
ampliflier system. 

TC is the output signal transmitted to the output 
stage. 


11.9. OUTPUT STAGE 

The output stage is made of a push-pull configura- 
tion : the upper transistor is used for power transis- 
tor conduction and the lower transistor for power 
transistor switch-off. 


power 
transistor 
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A capacitive coupling is recommanded in order to provide a sufficient negative base current through the 


power transistor . 
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Figure 27 : Typical al Drops of Output Transistor versus Current. 


Important remark : Dud to the internal output 
stage structure, the output voltage (Pin 14) must 
never exceed 5V. This condition is respected when 
a bipolar transistor is driven. 

Note that Power-MOS transistor drive is not possi- 


ble with the TEA2260/61. 


Ill. TV APPLICATION 120W - 220 VAC - 16 KHZ 
SYNCHRONIZED ON HORIZONTAL DEFLEC- 
TION FREQUENCY 


General structure and operational features of this 
power supply were outlined in section |. 

The details covered below apply to a power supply 
application using the master circuit TEA5170. 
(refer to TEA5170 data sheet and TEA5170 appi- 
cation note "ANO88" for flrthier details). 


lll.1. CHARACTERISTICS OF APPLICATION 

e Discontinuous mode Flyback SMPS 

e Standby function using the burst mode of 
TEA2260/61 

e Switching Frequency 

- Normal mode : 15.625 kHz (synchronized on 

- horizontal deflection frequency) 

- Standby mode : about 16 kHz 

Nominal mains voltage; : 220 VAC 

Mains voltage range : 170 VAC to 270 VAC 

Nominal output power | 120W 

Output power range in normal mode 

14W < Po < 120W 

e Output power range in standby mode 
1W <Po < 25W 

e Efficiency 
- Normal mode : 85% (under nominal conditions) 


-+0.38% versus mains\variations of 170 VAC to 


power transistor 
collector current 
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270 VAC (Pout : 120W) 
- + 0.5% versus load variations of 14W to 120W 
(Vin = 220 VAC) 
e Overload protection and complete shut down 
after a predetermined time interval. 
e Short circuit protection. 
e Open load protection by output overvoltage de- 
tection 
e Complete power supply shut-down after 3 re- 
starts resulting in the detection of a fault condi- 
tion for TEA2260. : 
e Complete power supply shut-down when Vce 
reaches 2.6V for TEA2261. 


111.2. CALCULATION OF EXTERNAL COMPO- 
NENTS 

Also refer to TEA5170 application note 
"AN408/0591" for calculation methods applicable 
to other power supply components. 


The external components to TEA2260/61 deter- 
mine the following parameters : 

Operating Frequency in primary regulation 
Minimum conduction time in primary regulation 
Soft start duration 

overload duration 

Error amplifier gain and stand-by output voltage 
Base drive of the switching transistor 

Primary current limitation 


Ideal values : 

e Free running Frequency in stand-by mode : 
16kHz 

Ton(min) duration : 1s 

Soft start duration : 30ms 

Maximum overload duration : 40ms 

Error amplifier Gain : 15 

Maximum primary current depends on the trans- 
former specifications 
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APPLICATION NOTE 


11.2.1. Transformer calculation ~ @ Switching Frequency : 15.625kHz 
The following important features must be consid- e Maximum duty cycle : 0.45 
ered to calculate the specifications of the trans- e Output voltages : 
former : + 140V -0.6A 
e Maximum output power : 120W +14V-0.5A 
e Minimum input voltage : +25V-1A 
e@ 220 VAC - 20% > Vin(min) = 210 VDC with 40V + 7.5V -0.6A 
ripple on the high voltage filtering capacitor + 13V -0.3A 
Figure 28. 


VS0TEA2260/61-28A 


V90TEA2260/61-28B 


Maximum primary current Reflected voltage 
Pout 1 
=2X Va=- x Vinci 
IP(max) io R T IN(min) 


X Vincmin) X = 
q IN(min) T TON(max) 


7 : efficiency of the power supply 0.80 <7 <0.85 
Overvoltage due to the leakage inductance 
Primary inductance of the transformer 


| a{L 
P= ViNtonin) x Ton(max) VpEak = o™ x Vo 
lP(max) 2 C 
with : Lf = leakage inductance of the transformer 
Transformer ratio 0.04 xLp <Lf<0.10xLp 
ns (Vout+ Vp) X Tom C = capacitor of the snubber network (see III.2.2.2) 


np 7 Vincminy X Toncmax) 
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Numerical application 


To determine the specificati ns of the transformer, _ 


it is necessary to make ac mpromise between a 
maximum primary current and a maximum voltage 
on the transistor : 


e To minimize the maximum primary current 


with 0.4 < LONimay) - 9 5 


e To minimize the maximum voltage on the tran- 
sistor during the demagnetization phase. 


0.3 < 2ONine <0.4 


When the output power of the power supply is 
greater than 100W it is better to minimize the 
maximum primary current because the current gain 
Br = Ic / Ip of bipolar transistor is 1.5 < Br <6 


TON(max) < 0.45 


Choice : T 


Figure 29. 
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Ton(MAX) ~ 0.85 x 210 x 0.45 
7) X Vincminy X + 


Lp = SNM y Tonanay = a” x 0.45 x 64 108 = 1.95mH 
IP(MAX) 3 


VaR= —+— VINMIN) = Xx 210=172V 


1 


—_- 4 


4 
TON(MAX) 0.45 


Vpeak will be calculated with the snubber network 
determination (see I1.2.2.2.1) 


111.2.1.1 Transformer specification 

e Reference : OREGA - SMT5 - G4467-03 

e Mechanical Data : 
- Ferrite : B50 
- 2 cores : 53 x 18 x 18 (mm) THOMSON-LCC 
- Airgap : 1.7mm 

e Electrical Data: 


[mare [em | ma 
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I1I.2.2. Switching transistor and its base drive 


1.2.2.1. First current limitation 
Note : in current limitation TIBon < Ton 


Figure 30 : Current Limitation. 


TEA2260 


GND 


4 
VsSHUNT 


V90TEA2260/61-30A IC 


The current measurement is le = IB + Ic 

The maximum collector current calculated in III.2.1 
is Ic(Max.) = 3A (a switching transistor SGSF344 
may be chosen) 


The current gain is: Br = ic =3.5 
+ 


The current limitation is : 
V 5 
lE(max) = IP(max) — (Ts X i? + [B+ 
with : Ts = storage time of the switching transistor 
(typ 3us) and VIM1 = first threshold of current 
measurement (typ 0.6 v) 
Vimi 


lE(max) 


RSHUNT = 


Numerical application 


ViNcmin) 


lE(max) = |Pamax) — (Ts X ) + IBy 


re) +0.85 = 3.52A 


lE(max) = 3 — (3 10°x 
1.95 


APPLICATION NOTE 


VSHUNT 


V90TEA2260/61-30C 


IM1 0.6 
R =—— = —— = 0.1692 
SHUNT ray 352 
Ilf.2.2.2 Snubber network 


AR.D.C network is used to limit the overvoltage on 
the transistor during the switching off time. 

When the transistor is switched off, the capacitor is 
charged directly through the diode. 

When the transistor is switched on, the capacitor is 
discharged through a resistor. 


_ lP(max) X te 
oS CES 
2x 3 


e 3x Rx C= Tonmin) 
(to discharge the 
the capacitor C by 
the correct amount) 

e Maximum power 
dissipated in R: 


1 
P= 3X © X Vinmax) + VR) °XF 
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APPLICATION NOTE 


Figure 31. 


in 
V90TEA2260/61-31A 


Numerical application il SGSF 344 transis- 
tor) with : 

lP(Max.) = 3A- VIN(Max.) = 370 VDC 

tp= O.3us-VR= 172V 

Vceo = 600V - F = 16kHz 

TON(Min.) = 4448 


_ Ipamax X te 
Oe VCEo ~ 


— Tonaniny _ 
ie 3xC 


to decrease the overvoltage on the transistor in 
short circuit condition. 


Figure 32. 


Ri 


ect —O 


aul 


R2|| Ivee 
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111.2.2.2.1 Overvoltage due to the leakage in- 
ductance 

(See. III.2.1) 

The capacitor C of the snubber network influences 
the overvoltage due to the leakage inductance. 


~ 


Vpeak = Io¢max) ur 
2 C 


Numerical application 
with : Ly = 0.08 x Lp = 0.08 x 1.9 10 ° = 152uH 


6 
Voeak 2x \ 152 10° = 390v 
2 2.25 10° 


SO VcE(Max.) = VIN(Max.) + VR + Vpeak = 
VcE(Max.) = 370 + 172 + 390 = 930V 


111.2.2,3. Base drive 

The output stage of the TEA2260/61 works in 
saturation mode and hence the internal power 
dissipation is very low. 


Nite Vec’"-Vp -VZ—VBE 
R41 
V9S0TEE2260/61-32B 


ky S&S THOMSON 


Ri = Vect+ — Vp — Vz — VBE 
Ip+ 


Numerical application 
13-— 0.9- 3- 0.6 
R4 = 0.85 = 10Q 


Figure 33. 


Vcesat+Vo 


Remark :The mains of the TEA2260/61 must be 
provided through an isolation transformer for this 
measurement 


I11.2.3. Oscillator frequency 
The free running frequency is given on II.2. 


APPLICATION NOTE 


in this case the current gain, 

Ilr = 8 
BE 5 O.es 
verify the Vce sat dynamic behaviour on the tran- 
sistor as follows: 


= 3.5 but it is recommanded to 


vm {| OSCILLOSCOPE 


V90TEA2260/61-33A 


Ideal value: 1V < VCEsat + Vp < 2V 


V90TEA2260/61-33B 


The typical value of minimum conduction time 
Ton(Min.) on the output of the TEA2260/61 is given 
by: Ton(min.) = 1040 x Co 


Note : the minimum conduction time Ton(min) on 
the transistor is longer due to the storage time. 
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Figure 34. 


TON MIN 
ON TEA2260 


Numerical application 

Fo = 16kHz 

Co is chosen at 1nF 

sO Ton min on the TEA2260/61 = ips 

_ 1 3 

PO= ex canoes 
1 

~ 16 10°x1 10°x 0.66 

Ro = 93kQ 

Ro = 100kQ is chosen. 


Ro ~ 1.57 - 10° 


Note : Fo is chosen relatively low to avoid magne- 
tization of the transformer during the start-up 
phase. 


1.2.4. Regulation loop 
In stand by mode the error amplifier of the 
TEA2260/61 carries out the regulation. 


Figure 35. 


V90TEA2260/61-35 


V9O0TEA2260/61-34 


e The R.C. filter is necessary to avoid the peak 
voltage due to the leakage inductance. The time 
constant t = RC is about 30us < R.C. < 150us as 
a function of the transformer technology. 

e 10 achieve a stable behaviour of the regulation 
loop and to decrease the ripple on the output 
voltage in stand by mode the time constant 
should be approximately : 

(Ri+ Re+ R3yxC=z= Four A Our 

with : Cour (filtering output capacitor) and Rout 

(load resistor on the output in stand by mode) 

e To ensure a stable behaviour in stand-by mode 
the amplifier gain is choosen to: 


Calculation of R, R1, Re, R3, Ra 


a) The resistor R is given by 
wg 
C choosen between 1yF <C < 10uF 
t = 80us is chosen 
C = 2.2uF is chosen 


Numerical application 


SoR=- t= 80107 _ 


C 9292 10% | aoe 
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b) The resistors Ri, Re, Rg are given by 


_ Court X Rout 
Ri+ Ro+ Rg= aoe 
with : 


Vrer : reference voltage of the error amplifier 
VREF = 2.5V 

Vcc(stand-by) : Vcc voltage in stand by mode. 
Vcc(stand-by) = 0.9 x Vcc (in normal mode) 


Numerical application 


with : 
Vcc = 13V 
VREF = 2.5V 


Rout = 2kQ on output 135V 
Court = 100uF on output 135V 


C = 2.2uF 
~ Cour x Rout 
Ri+ Fat Agee 
_ 100 10° x2 10° _ 
15x 2.2 10° 
- ee OER 5 
Re+ Ra= (Ri+ Re+ Ra) x Voc(stand by) 
ee ee 
pease Genie 


values choosen : 

Re potentiometer resistor of 1kQ 

Rs fixed resistor 1kQ 

Ri = (R1+ Re + Rs) - (Re+ Ra) 

Ri = 6k- 1.28k = 4.7kQ 

c) The resistor Ra is given by Ra= 15x (Ro + Ra) 


Numerical application 
Ra= 15x (Ro+Rs)= 15 x (1.28 10°) = 18kQ 


li1.2.5. Overload capacitor 
When an overload is detected with the first thresh- 
old VIM1 the capacitor Ce (pin 8) is charged until 
the end of the period as shown in figure 36. 
So the average load current is given by : 
T— Ton 

Ic2= a a IcH — IpIscH 
the threshold to cut off the TEA2260/61 power 
supply is 2.5V typically and hence the delay time 
before overload detection is given by : 

2.5 X Co 
T — Ton 
aan 


Toverload = 
X Icu) — IDiscH 


APPLICATION NOTE 


Figure 36 : Load of Overload Capacitor. 


V90TEA2260/61-36 


Numerical application 

with : maximum overload time = 40ms 
the longer delay time is obtained when 
TON = TON(Max.) 


e. T — Ton(wax.) Toverload 
C2= (—_7 x IcH) —IpiscH) xX ay -a 
3 
Co = (0.55 x 45 x10°- 10 x10® a = 220nF 


Note : in practice, the overload capacitor value 
must be greater than the soft start capacitor 
(C2 = C1) to ensure a correct start up phase of the 
power supply. 


liI.2.6 Soft start capacitor 

Refer to paragraph II.5 for the soft start function 
explanation. 

The soft start duration is given by : 

(2.7 — 1.5) x Cy 


9-10° 
C1= 7.5 - 10° x Tsort START 


TSOFTSTART = 


Numerical application 
with : Tsoft start = 30ms 
Ci = 7.5 10° x 30 10° = 220nF 


Il1.2.7. Feed back voltage transformer 

A feedback voltage transformer is used to send 
information from the secondary circuit (master cir- 
cuit) to the primary circuit (slave circuit). 

This transformer is needed to provide an electric 
insulation between primary and secondary side. 
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APPLICATION NOTE 


Figure 37. 


V90TEA2260/61-37 


The feedback input of TEA2260/61 is fed with logic 
level (threshold 0.9V) 

It is necessary to have the same waveform on the 
primary side as on the secondary side. 

For this reason the time constant must be higher 
than the maximum conduction time in normal 
mode. 

Hence the primary inductance Lp must be calcu- 
lated as follows : 

Lp > 3.R.TON(Max.) 


Numerical application 

with : 

TON(Max.) = 28S 

R =2702 

Lp > 3 x 270 x 28 10° = 22mH 


a) When the TEA5170 is used VIN = 7V 
AS _ Vscmin) 
np T 

p Vina onan 


ns 1.5 
np 7x(1— 0.45) — Pe 


b) When the TEA 2028 is used VIN = 12V 
ns 1.5 


np 12x — 0.45) ~ 72? 


Note : The R1.C; filter is used to damp oscillation 
on the secondary side of the feedback transformer. 
The time constant Ri x Ci = 0.1ps. 


[11.2.8. Start up resistor 

After switching on the power supply the filtering 
capacitor on Vcc of TEA2260/61 is charged 
through a resistor connected to the mains input 
voltage. Do not connect this resistor to the high 
voltage filtering capacitor because there is enough 
energy in this capacitor to cause three attempted 
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restarts and to cut off the TEA2260/61 on fault 
detection when the power supply is switched off. 
Hence it is recommended to connect the start-up 
resistor as follows: 


Figure 38. 
Rst 


START UP RESISTOR 
Icc start 


V90TEA2260/61-38 


Start-up delay time 


fe V 2 X VIN AC(min) 
ae m1 X Rst 
Vc START 


Start-up delay time = Tst = ——————___ 
IMoy — Icc START 


2 X VIN ACcmin) 


SS SS ee 
rx[ (Ox SSSSTA costar 


Tst 
Power dissipated in start-up resistor 


p— VIN AC(max)2 
~ 2. Rest 


Numerical application 

with : 

start-up delay time = 1s 

Vin(max) = 370V DC (VIN Ac(maxy = 265V) 

VIN AC(min) = 175V 

VcCstart = 10.3V 

IcCstart = 0.7MA 

C = 220uF 

gt= ——__2*'8 ___ peo 

mx (220 10°x10.3+ 0.7 10~) 

Value choosen = 22kQ 


Power dissipated ' 
_ 265)" _ 


= = 1.6W 
2x22 10° 
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APPLICATION NOTE 


Ill.2.9. Determination of high voltage filtering capacitor 
Figure 39. 


EQUIVALENT 
LOAD 


V90TEA2260/61-39A 


V9OTEA2260/61-39A 


Hypothesis : Numerical application 

' AV =40V 
AV : ripple on the filtering voltage VIN AC(min) = 170 VAC 
VIN.AC(min) : Minimal value of A.C. input voltage T = 20ms 
T : period of the mains voltage Pout = 120W 
Pout : output power of the power supply 7 = 0.85 
7 : efficiency of the power supply r ua ArcSin(1— 40° 

C= 20 10 x2 250 x 120. 415uF 
ny ArcSin(1 — AV ) Qn 40x 250 0.85 
C= I ,2 Vin AC(miny XYZ : Pout 
2n AV x VIN AC(miny X V2. n value choosen : C = 120uF 
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8Z 
vE/OE 


NOSWOHL-S5S thy 


SOINOULDITIOUOIN 


Ov-19/0922VS.LO6BA 


270 VAC 


WV Small signal secondary ground 


Yin Power primary ground 
C4 Secondary ground (isolated from mains) 


170 VAC ee 4x 1N4007 


PLR811 


1N4148 


BY218-100 
17 


22 


BY218-100 
21 


BZX85-3V0 


BY218-600 
) Pi, 
a 47kQ 
12V 100pF 120k Q 
250V 


2 2kQ 


1000yF fi 
ey 10kQ 


BC547C 
25V 


1000pF 
25V il 


en 
TEA5170 


FI 
1.2 
nF 47nF 
i 
- 
1N4148 150pF 


| ‘ Sync. 
input 


i 6 8kQ 


"Op ounbig 


WVYDVIG IVOIY.LOATS ‘E'lll 
ALON NOILVOIMddV 


Stand-by 
control 


IV. TV APPLICATION 140W - 220 VAC - 32kHZ 
SYNCHRONIZABLE 


All details concerning the determination of external 
components are described in section Ill. 


IV.1. APPLICATION CHARACTERISTICS. 
e Discontinuous mode flyback SMPS 


e Stand-by function using the burst mode of 
TEA2260. 


Switching frequency in burst mode : 16kHz 
Switching frequency in normal mode : 32kHz 
Nominal mains voltage : 220 VAC 

Mains voltage range : 170 VAC to 270 VAC 


Output power range in normal mode 
25W < Po< 140W 


e Output power range in stand-by mode 
2W <Po < 45W 


e Efficiency at full load > 80% 

e Efficiency in stand-by mode (Po = 7W) > 50% 
e Short circuit protection 

e Long duration overload protection 


e Complete shut down after 3 restarts with fault 
detection for TEA2260 

e Complete shut down when Vce2 reaches 2.6V for 
TEA2261 


Load regulation (VDC = 310V) 

Output 135V (+ 0.18%) — (135 : 0.01A to 0.8A; 
lo5 = 1A) 

Output 25V (£2%) —> (lias : 0.8A; les = 0.5A to 1A) 


Line regulation (135 : 0.8A; I25 : 1A) 
Output 135V (+ 0.18%)— (210V < VDC < 370V) 
Output 25V (+ 0.17%) 


APPLICATION NOTE 


IV.2. TRANSFORMER CHARACTERISTICS 
e Reference : OREGA.SMT5. G4576-03 


e Electrical Data : 


Figure 41. 
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08 
pe/ce 


ty 


SONOWMIATIOVDIN 
NOSINOHL-S5S 


470 VAC 4 x 1N4007 BY218-600 
270 VAC ae 
PLR811 
20 12V so0uF 


O5A = a50V 
470pF 
25V 
19 ‘E 2 2kO 
Ld) 
14 


il 10k Q 
Stand-by 


C control 


1A 


BY218-100 


x T i 


[2 | | 6} 5 
TEA5170 
3 | [8 


560 

pF 

my | ¥ 
1N4148 150pF 


Sync. 
| |“ input 


47nF 


Hl 6.8k2 
Vv. Smail signal secondary ground 

we. Power primary ground 

C—) Secondary ground (tsolated from mains) 
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V. TV APPLICATION 110W -220 VAC - 40kHz 
REGULATED WITH OPTOCOUPLER 


This application works in asynchronous mode. The 
regulation characteristics are very attractive (out- 
put power variation range from 1W to 110W due to 
automatic burst mode (see 11.6). In this configura- 
tion higher is the regulation loop gain, lower is the 
output voltage ripple in burst mode (e.g. ouput 
voltage ripple 0.8% with a loop gain of 15). 


V.1. FREQUENCY SOFT START 

The nominal switching frequency is 40kHz but dur- 
ing the start-up phase the switching frequency is 
shifted to 10kKHz in order to avoid the magnetization 
of the transformer. 

Otherwise the second current limitation will be 
reached at high input voltage and hence the power 
supply will not start. 


V.2. APPLICATION CHARACTERISTICS 
e Discontinous mode Flyback SMPS 


e Switching frequency : 40kHz 

e Nominal mains voltage : 220 VAC 

e Mains voltage range : 170 VAC to 220 VAC 

e Output power in normal mode 
30W < Po< 110 W 


e Output power in burst mode : 1W < Po < 30W. 
The transient phase between normal mode and 
burst mode is determinated automatically as a 
function of the output power. Hence the regula- 
tion of the output voltage is effective for an output 
power variation of 1W < Po < 110W 

Efficiency as full load > 80% 


Efficiency in burst mode (Po = 8W) > 50% 
Short circuit protection 

Open load protection 

Long duration overload protection 


Complete shutdown after 3 restarts with fault 
detection for TEA2260 

e Complete shut down when Vce2 reaches 2.6V for 
TEA2261 


Load regulation (VDC = 310V) 

Output 135V (+ 0.15%) — (1135 : 0.05A to 0.6A; 
lo5 = 1A) 

Output 25V (+ 2.5%) — (1135 = 0.6A; las : 0.25 to 1A) 


APPLICATION NOTE 


Line regulation (1135: 0.6A; 125 ; 1A) 
Output 135V (+ 0.30%) — (210V < VDC <, 370V) 
Output 25V (+ 0.30%) 


Influence of the audio output on the video out- 
put 

Output 135V (+ 0.1%) (1135 = 0.6A; les : 0 >1A) 
Output 135V (+ 0.05%) (1135 = 0.3A; l25 : 0 —1A) 


V.3. TRANSFORMER SPECIFICATION 
e Reference : OREGA.SMT5. G4576-02 


e Mechanical Data: 


- Ferrite : B50 
-2 cores :53 x 18 x 18 (mm) THOMSON LCC 


e Electrical Data : 


Figure 43. 
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TEA5101A - RGB HIGH VOLTAGE VIDEO AMPLIFLIER 
BASIC OPERATION AND APPLICATIONS 


By: Ch. MATHELET 
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APPLICATION NOTE 


The aim of this Application Note is to describe the 
basic operation of the TEA5101A video amplifier 
and to provide the user with basic hints for the best 
utilization of the device and the realisation of high 
performance applications. Application examples 
are also provided to assist the designer in the 
maximum exploitation of the circuit. 


GENERAL 


The contro! of state-of-the-art color cathode ray 
tubes requires high performance video amplifiers 
which must satisfy both tube and video processor 
characteristics. 


When considering tube characteristics (see fig 13- 
14 on page 14),we note that a 130V cutoff voltage 
is necessary to ensure a 5mA peak current.How- 
ever 150V is a more appropriate value if the satu- 
ration effect of the amplifier is to be taken into 
account. As the dispersion range of the three guns 
is + 12%, the cutoff voltage should be adjustable 
from 130V to 170V. The G2 voltage, from 700 to 
1500V allows overall adjustment of the cutoff volt- 
age for similar tube types. 


A 200V supply voltage of the video amplifier is 
necessary to achieve a correct blanking operation. 
In addition, the video amplifier should have an 
output saturation voltage drop lower than 15V, as 
a drive voltage of 130V (resp. 115V) is necessary 
to obtain a beam current of 4 mA for a gun which 
has a cutoff point of 170V (resp. 130V). 


Note : For all the calculations discussed above, the 
G1 voltage is assumed to be OV. 


The video processor characteristics must also be 
considered. As it generally delivers an output volt- 
age of 2 to 3V, the video amplifier must provide a 
closed loop DC gain of approximately 40. 


The video amplifier dynamic performances must 
also meet the requirements of good definition even 
with RGB input signals (teletext, home computer...), 
e.g. 1mmresolution on a 54cm CRT width scanned 
in 52us. Consequently, a slew rate better than 
2000V/us, i.e. rise and fall times lower than 50ns, 
is needed. In addition, transition times must be the 
same for the three channels so as to avoid coloured 
transitions when displaying white characters. The 
bandwidth of a video amplifier satisfying all these 
requirements must be at least 7MHz for high level 
signals and 10MHz for smail signals. 

One major feature of a video amplifier is its capa- 
bility to monitor the beam current of the tube. This 
function is necessary with modern video proces- 
sors: 
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e for automatic adjustment of cutoff and also, 
where required,video gain in order to improve 
the long term performances by compensation 
for aging effects through the life of the CRT. 
This adjustment can be done either sequen- 
tially (gun after gun) or in a parallel mode. 

e for limiting the average beam current 


A video amplifier must also be flashover protected 
and provide high crosstalk performances. Cross- 
talk effects are mainly caused by parasitic capaci- 
tors and thus increase with the signal frequency. A 
crosstalk level of -20dB at 5MHz is generally ac- 
ceptable. 


Table 1 summarizes the main features of a high 
performance video amplifier. 


The SGS-THOMSON Microelectronics TEA5101A 
is a high performance and large bandwidth 3 chan- 
nel video amplifier which fulfills all the criteria dis- 
cussed above. Designed in a 250V DMOS bipolar 
technology, it operates with a 200V power supply 
and can deliver 100V peak-to-peak output signals 
with rise and fall times equal to 50ns. 


The 5101A features a large signal bandwidth of 
8MHz, which can be extended to 10MHz for small 
signals (50 Vpp). 


Each channel incorporates a PMOS transistor to 
monitor the beam current. The circuit provides 
internal protection against electrostatic discharges 
and high voltage CRT discharges. 

The best utilization of the TEA 5101A high perfor- 
mance features such as dynamic characteristics, 
crosstalk,or flashover protection requires opti- 
mized application implementation. This aspect will 
be discussed in the fourth part of this document. 


Table 1: 


Main features of a high performance 
video amplifier. 
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| - DESCRIPTION 


APPLICATION NOTE 


The complete schematic diagram of one channel of the TEA5101A is shown in fig 1. 


Figure 1. 


I.1 INPUT STAGE 


The differential input stage consists of the transistor 
Ti and T2 and the resistors Ra,Rs and Re. 


This stage is biased by a voltage source T3,R1,Re 
and Rs. 


Vea(T1) = + a X Va(T3) = 3.8V 


Each amplifier is biased by a separate voltage 
source in order to reduce internal crosstalk. The 
load of the input stage is composed of the transistor 
T4 (cascode configuration) and the resistor R7. The 


feedback 
EF) output 
2 


11 
ia} 
cathode 
current 
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cascode configuration has been chosen so as to 
reduce the Miller input capacitance. -The voltage 
gain of the input stage is fixed by R7 and the emitter 
degeneration resistors Rs5,Re,and the T1, T2 internal 
emitter resistances. The voltage gain is approxi- 
mately 50dB. 


Using a bipolar transistor T4 and a polysilicon re- 
sistor R7 gives rise to a very low parasitic capaci- 
tance at the output of this stage (about 1.5pF). 
Hence the rise and fall times are about 50ns for a 
100V peak-to-peak signal (between 50V and 
150V). 
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APPLICATION NOTE 


1.2 OUTPUT STAGE 


The output stage is a quasi-complementary class 
B push-pull stage. This design ensures a symetrical 
load of the first stage for both rising and falling 
signals. The positive output stage is made of the 


DMOS transistor Ts,and the negative output stage — 


is made of the transistors PMOS Tg and DMOS T7. 
The compound configuration T6-T7 is equivalent to 
a single PMOS. A single PMOS transistor capable 
of sinking the total current would have been too 
large. 


By virtue of the symetrical drive properties of the 
output stage the rise ahd fall times are equal (50ns 
for 100V DC output voltage). 


1.3 BEAM CURRENT MONITORING 


This function is performed by the PMOS transistor 
Tg in source follower configuration. The voltage on 
the source (cathode output) follows the gate volt- 
age (feedback output). The beam current is ab- 
sorbed via Tg . On the drain of Tg, this current will 
be monitored by the videoprocessor. 


1.4 PROTECTION CIRCUITS 


1.4.1. MOS protection 


Four zener diodes DZ(1-4) are connected between 
gate and source of each MOS in order to prevent 
the voltage from reaching the breakdown volt- 
age.Hence the Ves voltage is internally limited to 
+ 15V. 


1.4.2. Protection against electrostatic dis- 
charges 


All the input/output pins of the TEA5101A are pro- 
tected by the diodes D1-D7 which limit the overvolt- 
age due to ESD. 


1.4.3. Flashover protection 


A high voltage and high current diode Ds is con- 
nected between each output and the high voltage 
power supply. During a flash, most of the current is 
generally absorbed by the spark gap connected to 
the CRT socket. The remaining current is absorbed 
by the high voltage decoupling capacitor through 
the diode Ds. Hence the cathode voltage is 
clamped to the supply voltage and the output volt- 
age does not exceed this value. 
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Il - FUNCTIONAL DESCRIPTION 


The schematic diagram of one TEA5101A channel 
with its associated external components is shown 
in fig.2 


ll.1 VOLTAGE AMPLIFIER 


1.1.1. Bias conditions Vin = Vref 


The bias point is fixed by the feedback resistor 
R;,the bias resistor Rp, and by the internal refer- 
ence voltage when Vin = Vret. 


If Vo is the output voltage (pin 9) : 
R 
Vo = (1 +5) X Vref (1) 
p 


In this state T1 and T2 are conducting. A current 
flows in R7 and T4 soTs is on. The Ts drain current 
is fed to the amplifier input through the feedback 
resistor. The current in R7 its: 


Vpp — Vo — Ves(T. Vpp — V. 
(ane pp — Vo — Ves( 5). Yop ~ Vo 


R7 R7 
and the current in Ts and Rr is: 
_ Vo — Vref S Vo 
aa a? 


Thus the total current absorbed by each channel of 
the TEA5101Ais : 


Vop ode oe 

R BYOXNE = Ro 
The cathode (pin 7) output voltage is: 
Vo + Ves(T8) = Vo 


The beam current is absorbed by Tg and Rm. The 
voltage developed across Rm by this current is fed 
to the videoprocessor in order to monitor the beam 
current. 


11.1.2. Dynamic operation 


The TEA5101A operates as a closed loop amplifier, 
with its voltage gain fixed by the resistors R+ and 
Re. 


Since the open loop gain Ais not infinite, the resistor 
Rp and the input impedance Rin must be consid- 
ered.Hence the voltage gain is 

Ry 1 
G === xX — —_— 

Rew, 1 Ri (2) 


: are ss Rp / Re // Ae 
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Figure 2. 


H.1.2.1. Input voltage Vin < Vret (black picture) 


In this case the current flowing in R7 and 1; de- 
creases whilst the collector voltage of T4 and the 
output voltage both increase. In the extreme case, 
I(T1) = 1(R7) = 0 and Vo= Vpp-Ves(Ts) 


In order to charge the tube capacitor the voltage is 

fed to the cathode output in two ways: 

e through the PMOS (with a VGS difference) for 
the low frequency part 

e through the capacitor C for the high frequency 
part (output signal leading edge) 

To correctly transmit the rising edge, the value of 

the capacitor C must be high compared to CL. 


With the current values used (C = 1nF,Ci = 10pF), 
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the attenuation is very small (0.99) 


1.1.2.2. Input voltage Vin > Vret (white picture) 


In this case,the current in R7 and T1 increases with 
an accompanying drop of T4’s collector voltage until 
Ti and T4 are saturated. At this point: 


Vo = Vc(T4) = Vcc 

During a high to low transition (i.e. black-white 

picture), the beam current is absorbed in two ways: 

e through the capacitor C and the compound 
PMOS Te-T7 for the high frequency part (fall- 
ing edge) 

e through the PMOS Ts and the resistor Rm for 
the low frequency part. 
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APPLICATION NOTE 


li.2 BEAM CURRENT MONITORING 


11.2.1. Stationary state 


The beam current monitoring is performed by the 
PMOS Ts and the resistor Rm. When measuring low 
currents (leakage, quasi cutoff),the Rm value is 
generally high. When measuring high currents 
(drive, average or peak beam current),Rm is gen- 
erally bypassed by a lower impedance. 


It should be noted that the current supplied by the 
three guns flows through this resistor.Hence,with 
too large a value for the resistor Rm,the cathode 
voltage of the tubes will become too high for the 
required operating current values. This is a funda- 
mental difference between the TEA5101A and dis- 
crete video amps. In discrete video amps, the 
current monitoring transistor is a high voltage PNP 
bipolar which may saturate. In this case the beam 
current can flow through the transistor base and it 
is no longer monitored by the video processor. This 


Figure 3. 
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effect does not occur with the TEA 5101A. 


ll.2.2. Transient phase : low current measure- 
ments 


The cut-off adjustment sequence is generally as 
follows: 


In a first step, the cathode is set to a high voltage 
(180V) in order to blank the CRT and to measure 
the leakage current. In a second step, the tube is 
slighly switched on to measure a very low current 
(quasi cut-off current). This operation is performed 
by setting the cathode voltage to about 150V and 
adjusting it until the proper current is obtained. The 
maximum time available to do this operation is 
generally about 52us. 


Fig.3 shows the simplified diagram of the 
TEA5101A output, the voltages during the different 
steps,and the stationary state the system must 
reach for correct adjustment. 


=RxC; = 10ns 
“G2 =RxC = ips 


{ 152.5V 


151.5V 
CUTOFF 


BLANKING 


VS0TEAS5101A-03 
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During the blanking phase, the tube is switched off, 
the PMOS is switched off and its Ves voltage is 
equal to the pinch-off voltage (about 1.5V). The 
voltages at the different nodes are shown in figure 
3 (V(9) = 180V, V(k) = 181.5V). The falling edge of 
the cutoff pulse is instantaneously transmitted by 
the capacitor C. When the stationary state is 
reached, the cathode voltage will be 152.5V if the 
voltage on pin 9 is 150V, as the VGS voltage of the 
conducting PMOS is about 2.5V. 


We can see that the voltage on C must increase by 
an amount of AVc = 1V. This charge is furnished by 
the tube capacitor which is discharged by an 
amount of AVCL = 29V with a time constant equal 
to R x Cy (10 ns). By considering the energy 
balance, we can calculate the maximum charge 
AVmax that CL can furnished to C 


AV max = \ X AVcL = 3V 


Since this voltage is greater than AVc, the capacitor 
C can be charged and the stationary state is 


Figure 4. 


VIN(BLK) 
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reached without any contribution being required 
from the tube current,i.e. the whole tube current 
can flow through the PMOS and the adjustment can 
be performed correctly. 


Considering higher voltage and beam current 

swings, the margin is greater because: 

e the voltage swing across the tube capacitor is 
greater 

e the tube current is higher and the picture is not 
disturbed even if part of the beam current is 
used to charge the capacitor C. 


Ill - EXTERNAL COMPONENTS CALCU- 
LATION 


The implementation of the TEA5101A in an appli- 
cation requires the determination of external com- 
ponent values. These components are Ri, Re, Rp 
and Rm (see fig.4). The dissipated power in the IC 
and in the feedback resistor R¢ must also be calcu- 
lated in order to correctly choose the power ratings 
of the heatsink and resistors. 


Vout(atk) 
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APPLICATION NOTE 


Hl.1 COMPONENTS VALUE CALCULATION 


From equations 1 and 2 in section Il-1, both the 
value of the DC output voltage and the voltage gain 
depend directly on the resistor Rt. Hence R+ must 
be determined first before calculating the value of 
Re and Rp in order to obtain the correct gain and 
DC output voltage. 


ill.1.1. Feedback resistor Rr 


The value of R; must be as low as possible in order 
to obtain the optimum dynamic performance from 
the TEA5101A (see section IV-1). A typical value of 
Rr is 39 kQ. 


ll1.1.2. Input resistor Re 


The voltage gain is calculated from the following 
formula (see section Il-1): 
Ry { 
GaSe 
Re 1 Re 
Vee A ( * Rp // Re // Ri 


Since the open loop gain A is high enough (50dB), 
we can approximate the calculation: 

Rr 
G@- Re 
where Re is generally implemented as a variable 
value for channel! gain adjustment. 


If the gain adjustment range Gmin, Gmax is known: 


R R 
Re min 5. and Re max = a. 


With Gmin = 15 and Gmax = 80: 


Remn= 470Q 


Re max = 2.6kQ 


Re willbe made of a 2.2kQ potentiometer and 470Q 
fixed resistor. 


lll.1.3. Bias resistor Rp 


Rp must be chosen in such a way that the black 
level output voltage VouT(BLk) is equal to the cutoff 
voltage, which is a characteristic of the tube cur- 
rently used, when the DC black level input voltage 
Vin(BLk) is the mean value of the adjustment range 
of the video processor. This is the optimum condi- 
tion to ensure a correct adjustment during the 
lifetime of the tube. Rp can be calculated by con- 
sidering the TEA5101A as an operational amplifier 
and applying the usual formula : 


8/23 


a 
i Vout (BLK) — Viet _, Vin (BLK) — Viet 
Re Re 


Vref 


- If Vin(BLK) =Vret Rp = Vout (BLK) — Vref 


Re 


For a 150V black level : 


- If Vin (BLK) # Vret : 


with Rr = 39kQ 


Vin (BLK) = 2.7V 


with Rr = 39k 
Re = 1.5kQ 
Or 
Vin (BLK) = 6.7V 
with R= 39kQ 
Re = 1.5kQ 


for a 150V black level 


ill.1.4. Current measurement resistor Rm 


Rm must be determined by taking into account the 
quasi cutoff current Ico and the input voltage Vc of 
the video processor. 


- With the videoprocessor TEA5031D (Vc = 2V) : 
Rm = 120kQ with Ico = 161A 


- With the videoprocessor TDA3562A (Vc = 0.5V) 
which requires a DC biased input "Black current 
stabilization" (pin 18), the schematic diagram is 
the following : 


Figure 5. 


c.0 
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The pas cutoff current is 


peelice: aaa 3 _ 
0.5 (Gy + a5) X1 x10 10nA 


1.2 DISSIPATED POWER IN EXTERNAL COM- 
PONENTS 


The only components dissipating power are the 
TEA5101A and the feedback resistor. The dissi- 
pated power has a constant static component and 
a dynamic component which increases with fre- 
quency. The theoretical calculation is not suffi- 
ciently accurate to determine the correct dissipated 
power. The best way consists of measuring the 
power in different configurations of the circuit: 
steady state (no input), sinusoidal input,and in situ 
(in a TV set with a video input signal). The mea- 
surement method will be described first and then 
the results and calculations will be discussed. 


11.2.1. Measurement method 


The dissipated power can be determined by mea- 
suring the average supply current Ipp (principally 
high voltage supply current Vpp) and by subtracting 
the power dissipated in the external components 
from the calculated power delivered by this supply 
voltage. 


The power delivered by the high voltage power 
supply is : P = Vpp x lpp 
The power dissipated in the external components 
(principally the feedback resistor Rp) is: 
3x V* out (AVG) 
Ry 

3x Vv? out (RMS) 

Ry 
When the IC is driven by a sinusoidal signal (ca- 


pacitive drive),the measurement and calculation 
are straightforward: 


- for the static part: Psp = 


- for the dynamic part: Por = 


Vout(AVG) = Vout(DC) 
V eak to peak 
Vour(RMS) = 7+ : So 


With Vout (DC) = 100V and 


Vout (peak to peak) = 100V and Ry = 39kQ 


APPLICATION NOTE 


Psp = 0.8W 
Ppr = 0.1W 


Measurements are more difficult to carry out when 
the IC is working in a TV set. Vout(AVG) can be 
measured with an oscilloscope (difference of level 
between AC and DC coupling) and Vout (RMS) can 
be measured by connecting an RMS voltmeter to 
the feedback resistor. In this case we have the 
following results (see section 2.2.3): 


Vout (AVG) = 130V and Psr = 1.3W 
Vout (RMS) = 32V and Por = 80mW 


In each case, the term Ppr can be neglected as a 
reasonable approximation.Hence, the Pree dissi- 
pated by the IC will be: 


3V* our (AVG) 


Pi= Vpp x lbp - Ri; 
and the power dissipated in Re will be : 
V* our (AVG) 
P, oo 
Re 
11.2.2. Results 


1.2.2.1. Static power 


Table 2 shows the measured values of Ipp and the 
calculated power for three values of Vout and for 
Vpp = 200V 


Table 2. 


We can see that the static power dissipated in the 
IC decreases with Vout increasing, but obviously 
the power dissipated by Rr increases as Vout 
increases. 


I1].2.2.2. Measurement with sinusoidal input 


Table 3 summarizes the results obtained from prac- 
tical measurements as functions of Vout(DC) and 
of the frequency (the three channels are driven 
simultaneously). 
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APPLICATION NOTE 


Vout (PP) 
7MHz 


We can see that when driving the IC with a HF 
sinusoidal signal, care must be taken to avoid 
excessive temperature increase. 


I11.2.2.3. Measurement ina TV set 


We have determined the worst cases of dissipation ~ 


ina TV set. These trials have been carried out on 
one particular TV set, and may not be representa- 


Table 4. 


11.2.3. Design of heatsink and external compo- 
nents 


1.2.3.1. Heatsink 


As discussed above, the power dissipated in the 
IC ina TV set can reach about 4W. In this case, a 
12°C/W heatsink seems to be sufficient. Such a 
heatsink will give Tj = 115°C for Troom = 60°C. 


The resulting margin guarantees correct reliability. 


I1.2.3.2. Feedback resistors 


1 Watt type feedback resistors must be used, as 
they may need to dissipate 0.9W when the TV set 
is working and up to 1W when the TV is blanked 
(VouT = 200V), for example when the security of 
the scanning processor is activated. 


IV - APPLICATION HINTS 


iV.1 DYNAMIC PERFORMANCES 


Figure 6 shows the simplified schematic diagram 
of the TEA5101Ain AC mode. 


Cr is the parasitic capacitor between the input and 
the output. 
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Vout (AVG) Ipp Vpp Pj Pr 
(V) (mA) (V) (W) (W) 
Bright.max Noise 148 22.2 218 3.15 0.56 
Bright.min 188 23.3 224 2.5 0.9 
Bright.max Multiburst 131 23.6 213 3.7 0.44 
Bright.min 158 22 221 2.9 0.64 


tive for all TV sets. In this particular TV set, the worst 
cases of dissipation occur with noise signal (from 
HF tuner) and with a multiburst pattern (0.8 to 
4.8MHz) in RGB mode. 


Table 4 summarizes the results in these two cases 
when the brightness control is set to min and max 
value (the contrast control is set to max). 


Figure 6. 
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Cinis the parasitic capacitor between the input and 
ground. The voltage gain versus frequency can be 
deduced from the formula (2) in chapter II sec- 
tion 1.2: 


Re 1 


MO)=" Ba nC) a. A 


Pi 1+ Reg Cn, 
Req 1+RrCrs 


with Reg=Rp//Re//Rin and A(s) open loop gain. 
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A(s) is a second order function such as 
AO 

1+bs +as* 

with a=9 x 10's? 
b=60x10"s 
AO = 400 


Assuming Reg X Cin = Re x Cr, we find: 
Ri 1 1 


662 ee ey 
Re (1 + R¢ Ce 8) B B B 2 
10>! * ROSE? AOLR™ 

R 

with B = 1 + 


We see that the closed loop amplifier is equivalent 
to acombination of asecond order circuit and a first 
order one. The latter comprises the feedback resis- 
tor and the parasitic capacitor between input and 
output. With the current values 

Rp = 39kQ Cr = 0.5pF 

Re = 2kQ Cin = 15pF 

Rin = 14kQ 


Rp = 1.2kQ 


we have 

Req X Cin = 10ns 

Re xX Cf = 20ns 

B=56 

The second order circuit characteristics are : 
Natural frequency: 


1 AO+B 


ogee op 


= 15MHz 


damping factor : 


ae: 
~2xa AO+B 


Z = 0.35 


The cut off frequency of the first order circuit is : 


1 

Ic= 2x Axo 

The amplifier response is thus the combination of 
the responses of these two circuits. The contribu- 
tion of the parasitic capacitor Cr to the frequency 
response is very important. If the value of Cris too 
high, the contribution of the first order circuit will be 
of overriding importance and the resulting 
bandwidth of the amplifier will be too small. If the 
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value of Cris too low, the response curve will have 
a peak (due to the second order circuit). A "ringing" 
effect will be present on pulse-type signals and an 
instability and oscillation can occur at some fre- 
quencies. 


This capacitor is generally too high. It consists of: 

e the self parasitic capacitor of the feedback 
resistor 

e the parasitic capacitor due to the PCB layout. 


Practically,the best bandwidth performances are 

achieved by: 

e the smallest input-output capacitor and 
the smallest capacitor between an input and 
ground 

e using a feedback resistor with the smallest 
possible value but large enough to yield a suffi- 
ciently high gain. 

e using a feedback resistor with small parasitic 
Capacitance (typ 0.2pF). Some resistors have 
0.5 or 0.8 pF parasitic capacitor. 


The parasitic capacitors discussed above are usu- 
ally the ones which need to be taken into account. 
However any other parasitic capacitor or inductor 
can modify the frequency response. For instance,a 
too large capacitor value between the feedback 
output and ground can create a dominant pole and 
Cause a potential risk of oscillation . 


IV.2 CROSSTALK 


Figure 7 shows the different parasitic links inducing 
crosstalk. 


Figure 7. 


V90TEA5101A-07 


The crosstalk can be caused by: 

e parasitic coupling between the inputs (Cri) 

@ parasitic coupling between the outputs (Cpo) 

e parasitic coupling between an output and a 
near input of another channel (Cp). 
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APPLICATION NOTE 


Parasitic coupling may be capacitive or be caused 
by HF radiations. 


The third type of parasitic coupling is predominant 
since it involves the addition by feedback at rela- 
tively high level(output) signals to relatively low 
level (input) signals. For example, a 0.1pF Cp par- 
asitic capacitor between an output and the input of 
another channel will act as a differenciator with the 
feedback resistor Rt = 39KQ. 


The transfer function of this integrator will be R¢ x 
Cp x S ( 0.2j at 8MHZz) and thus the crosstalk will be 
-14dB at 8MHz. The parasitic coupling between 
inputs and outputs must be minimized to achieve 
an acceptable crosstalk (-20dB at 5MHz). This can 
be done by crossing only the input wires and sep- 
arating the input and output leads. High voltage 
components and wires must be laid out as far as 
possible from small signal wires,even if this results 
in a larger circuit board. 


HF radiations from the feedback resistor must not 

induced a voltage signal at the input of another 

channel. This can be achieved by: 

e spacing out the feed back resistors 

e mounting these resistors in the same direction 
and strictly aligned one under another. 

e mounting these resistors 1cm above the PC 
board 

e using ground connections to insulate the input 
wires 


IV.3 FLASHOVER PROTECTION 


A picture tube has generally several high voltage 
discharges in its lifetime. This is due to the fact that 
the vacuum is not perfect coupled with the pres- 
ence of metallic particles evaporated from the elec- 
trodes.Hence, short circuits (very brief fortunately) 
can occur between two electrodes,one of which is 
usually the anode (at EHT potential). An overvolt- 
age can be induced on the cathodes or on the 
supplies even ifa flash occurs on an electrode other 
than acathode, because of the possibility of flashes 
in series or overvoltages due to inductive links on 
the video board or on the chassis. These over- 
voltages can destroy an IC particularly the video 
amplifier which is the most vulnerable since it is 
directly connected to the tube. 


The tube manufacturers have made much prog- 
ress in technology in order to reduce the frequency 
of flashes and their associated energy (increased 
quality of vacuum,, internal resistance for "soft 
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flash" tubes). Nevertheless, some protection mea- 

sures are suggested by the tube manufacturers: 

e connect spark gaps on each electrode 
(1 to 3kV or 12kV for focus) 

e connect the spark gaps to a separated ground 

. directly connected to the chassis ground by a 
non inductive link 

e connect the cathodes or grids by protective re- 
sistors. These resistors must be able to with- 
stand 12kV (20kV for focus)instantaneous 
voltages without breakdown and without any 
change of value following successive flashes. 
These resistors must be of a non-capaci- 
tive type. 1/2W (1W for focus) hot molded car- 
bon type resistors are well suited for this 
application. 

e the grid and cathode connections on the PC 
board must be as short as possible and 
spaced well away from other connections in 
order to avoid parasitic inductions. 


Furthermore, the TEA5101A has been provided 
with an additional effective feature to improve the 
flashover protection.As described in section I-4, a 
protection device has been included comprising a 
high voltage high current diode which is connected 
between each output and the high voltage power 
supply. The equivalent diagram of this protection is 
shown in Figure 8. 


Figure 8. 


The flash current is diverted to the ground through 
the diode and the decoupling capacitor C. 


Two kinds of flashes can occur: 
1) low resistance flashes during which the spark 
gaps are activated since the cathode voltage ex- 


ceeds the breakdown value of the spark gap. In this 
case the equivalent diagram is the following: 


AYf, BiB 
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Figure 9. 


SPARK GAP 
2KV 


lt flash current (= 1000A) 
Lt inductance of the connection (= 10H) 


VS0TEA5101A-09 


Ctube previously charged to 28kV is instantane- 
ously discharged during 


At= Ctube X ay = 30ns 

Since the voltage across the spark gap falls almost 
instantaneously to 2000V, the peak current | flow- 
ing into the diode is (assuming Vc is held by good 
decoupling) : 
= Ve XA t i 
re 
To ensure a variation of Vc less than 10V, C must 
be 


| 6A 


IxAt 
AVc 


The decoupling must have good HF characteris- 
tics. 


C> eg C>18nF 


2) high resistance flashes in which the spark gaps 
are not activated. In this case the equivalent dia- 
gram is the following: 


Figure 10. 


N 


— 4 XR - 
uv 
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APPLICATION NOTE 


2000 
R 
The time constant of the flash is Rt x Ctube = 12 us, 
the decay time is approximatevely 30 us. The value 

of C must be 
Atxl 
AVc 


in order to ensure a VC variation less than 10V. 


The total decoupling will be made up by a 10uF 
electrolytic capacitor connected in parallel with a 
22nF plastic film capacitor with good HF properties. 


It must be placed very close to the TEA5101A to be 
efficient. Otherwise, the equivalent diagram will be 
the following (case of low resistance flash). 


lf V<2kV, I< ,|<2Aand Rt= 12kQ 


C> 


eg C>6nuF 


Figure 11. 
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IxAzy Lp;yxl 
AVc= + 
e C At 


AVc = 210V with Lp1 = 1 WH and Lp2 = 0 


In this case the Vpp voltage can rise to a dangerous 
value (+210V increase) and the protection is not 
efficient. ; 


If the connection between the socket ground and 
the chassis ground is inductive (Lp2 # 0), the effect 
is the same. 


However in this case, all the TV IC’s,and not only 
the TEA5101A,will be exposed to destructive over- 
voltages. 


IV.4 OUTPUT SWING 


The simplified diagram of this function is shown 
below (See Chapter II and chapter III ): 


13/23 


AYf, BeSouacrna 


95 


APPLICATION NOTE 


Figure 12. 
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The current delivered by a CRT is given by the 
characteristic curves (fig 13-14). 


Figure 13. 
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The minimum value of Vk (due to all the voltage 
drops in the resistors and in the amplifier) is given 
by the equation (see fig 12 above): 


Ve =(R+ Ron + R1 + 3X Rm) X It = Reg xX It (1) 
with Ron : on state PMOS resistance 


To find the maximum available current Itmax,we can 
draw the curves of the equation (1) on the tube 
characteristics. ltmax will be given by the intersec- 
tion point of the curves.Since the tube character- 
istics are: ItVs Veutott + Va1- Vk the equation (1) must 
be changed to 


Voutorr + Vai — Ve 
t= a (2) 


Assuming Vai= 0, we can draw the curves of 
equation (2) for several values of Vcutott (eg 150V 
and 200V) and several values of Reg 
(eg 5k,10k,15k,20k) (see fig 13 and 14). We can 
see from these curves that Req must have the 
following values to allow the tube to source 4mA 
per gun : 


Figure 14. 
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Reg < 5kQ 
or Req < 15kQ 


for a 150V cutoff point 
for a 200V cutoff point 


As Ron value is approximatively 1.7kQ, the mea- 
surement resistor must be as low as possible. 


Working with higher cutoff point would be an alter- 
native solution. But a 200V cutoff point seems to 
be too high a value since in this case the supply 
voltage would be greater than 200V and would 
affect reliability performances. 


Another solution consists of connecting a zener 
diode as shown in Figure 15.With this device the 
high current operation of the TEAS5101A is similar 
to that of a discrete amplifier (with PNP) operation. 


Figure 15. 
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For low currents, if the zener voltage is greater than 
the Ves voltage, the zener diode is biased off and 
the beam current flows through the measurement 
resistor. When the cathode voltage (pin 7) drop is 
limited because of the pin 6 voltage and when the 
pin 9 voltage continues to decrease,the zener 
diode is switched on when V7- Vg = Vz. In this case 
the beam current is absorbed by the voltage ampli- 
fier and the tube can provide larger current val- 
ues.Nevertheless, the pin 7 output voltage will 
follow the pin 9 voltage with a Vz difference. 


Since the pin 9 voltage is internally limited to 14V, 
the output voltage will be limited to 22V with a 8V 
zener diode. 


The CRT bias voltages shown on the previous 
curves are referenced to the Gi voltage. The 
TEA5101Ais referenced to ground. We can choose 
to work with a Gi voltage greater than ground and 
thus the low level saturation is not taken into ac- 
count. In this case, the cutoff points must be in- 
creased. When choosing Vai = 12V, the cutoff 
points will be adjusted to 170V (instead of 150V). 


APPLICATION NOTE 


Since the power supply is 200V, 30V are available 
to ensure correct blanking operation. The DC out- 
put voltage must be increased by 12V from its 
previous value. 


Note that all the phenomena described in this 
section concern a static or quasi-static (15kHz) 
operation (e.g. white picture or rather large white 
pattern on a black background). When current 
peaks occur (e.g white characters insertion or 
straight luminance transition), the peaks will be 
absorbed by the coupling capacitor and the voltage 
amplifier,and hence the tube will be able to source 
a greater current. 


IV.'5 LOW CURRENT MEASUREMENTS 


We have seen in section Il-2.2 how the beam 
Current monitoring works (see fig.3 page 6). We 
have seen that the capacitor C must charge again 
after the blanking phase. 


This charge is generally furnished by the tube 
capacitor independently from the beam cur- 
rent. However,if during the blanking phase, the out- 
put voltage is too low (e.g. the PMOS is reverse 
biased (- 20V) because of a too high leakage 
Current or when measuring with an oscilloscope 
probe), the AVC required to charge C again will be 
greater than the maximum charge available from 
the tube capacitor.'Hence the beam current will 
have to charge C in a first step. 


Since this current is rather low during the cutoff 
adjustement phase, a long time will be spent to 
charge C. The current absorbed by the PMOS and 
fed to the videoprocessor will not be equal to the 
beam current and the cutoff adjustement will not be 
correct. 

Hence the reverse voltage across the capacitor C 
must be limited by a diode connected as follows : 


Figure 16. 
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APPLICATION NOTE 


With this configuration, the voltage across C will be 
-0.6V max. Since this voltage must be 2.5V in the 
stationary state (see section Il-2.2), the voltage 
across C must be increased by 3.1V and this 
charge can be supplied by CL. We can also slightly 
decrease the value of C. However if C is too low, 
the HF behaviour will be impaired. 


V - APPLICATION EXAMPLES 


V.1 APPLICATION DESCRIPTION 


Figures 17 and 18 show two applications, one for 
a 45AX tube and the videoprocessor TDA3562A 
(application 1), the other designed for S4 type tube 
and the videoprocessor TEA5031D (application 2). 
In these two applications, the nominal gain is 28dB 
and the output black level is 150V. The quasi cutoff 
currents are respectively 10uA and 16yA for appli- 
cations 1 and 2. 


These applications are implemented using the 
same PC board especially designed to allow differ- 
ent options for tube biasing, power supply decou- 
pling and connections. This PC board allows also 
two different tube sockets (jedec B8274 or B10277) 
to be connected. Both beam current monitoring 
modes (sequential and parallel) are possible. 


The layout and the electrical diagram of the PC 
board are shown in Figures 19 and 20. 


V.2 PERFORMANCE EVALUATION 


As seen in chapter IV, the dynamic performances 
(bandwidth, crosstalk) of the TEA5101A is very 
dependent on the PCB layout.Consequently, the 
evaluation board has been designed to obtain the 
best results. 


To evaluate the performance, the best way is to 
work outside of the TV set by driving the amplifier 
by an HF generator (or a network analyser) while 
simulating the load conditions fixed by the CRT, 
since AC performances are directly determined by 
the load. 


V.2.1. Measurement conditions 


The schematic diagrams of the AC measurements 
are shown in Figures 21 and 22. The conditions are 
as follows: 


e BIASING : Voutpc = 100V by choosing 
Ri1 = Rei = Rai = 1.5kQ and Vpp = 200V 


16/23 


e AC GAIN = 50 by adjusting P10, P20, P30 

e LOADING: , 

- by a 8.2pF capacitor and the probe capacitor 
(2pF), the sum is equivalent to the capacitance 
of a CRT with the socket and the spark gaps 

- the 1MQ resistors connected between each 
output and Vpp allow the conduction of the beam 
current monitoring PMOS transistor in such a 
way that VApc = VBpc= 100V. 

e DRIVING by a 1puF capacitor, the HF genera- 
tor being loaded by 50Q. 

e the dynamic power dissipated in the IC will in- 
crease with frequency. To avoid the tempera- 
ture increasing, it is necessary to do very quick 
measurements or to use a low Rtn (7°C/W) 
heatsink in forced convection configuration. 
Such conditions are not present ina TV set 
since the driving signal will be a video signal in- 
stead of a pure HF signal. 


V.2.2. Results 


V.2.2.1. Bandwidth 


The curves Figures 23 and 24 show the frequency 
responses of one channel with 100Vpp and 50Vpp 
output voltages. 


The bandwidths are approximatively 8MHz at 
100Vpp and up to 10MHz at 5OVpp. 


V.2.2.2. Crosstalk 


The curves Figures 25, 26 and 27 show the cross- 
talk for this application. The crosstalk is almost the 
same for the six different combinations of the three 
channels. The worst value is -24dB at 5MHz. 


V.2.2.3. Transition times 


The curves Figure 28 show respectively the R, G, 
B rise and fall times of respectively 49 ns and 48 
ns with a 100Vpp output voltage (between 50 and 
150V). 


' The difference between rise times of the three 


channels is less than 1ns. 


The difference between fall times of the three chan- 
nels is less than 2ns. 


The delay time at rising output is 48ns. 
The delay time at falling output is 50ns. 


The difference between the delay times is less than 
2ns. 


The slew rate is about 2000V/us. 
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APPLICATION NOTE 


Figure 17 : Application 1 (45AX Tube, TDA3562A) - Electrical Diagram. 
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APPLICATION NOTE 


Figure 18 : Application 2 (PIL24 Tube, TEA5031D) - Electrical Diagram. 
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APPLICATION NOTE 


Figure 19 : TEA5101A Evaluation Board Layout and Components View. 
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APPLICATION NOTE 


Figure 20 : TEA5101A Evaluation Board Electrical Schematic Diagram. 
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APPLICATION NOTE 


Figure 21 : Bandwith Measurement Configuration. 
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Figure 22 : Crosstalk Measurement Configuration. 
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Figure 23 : Frequency Response of R Channel 
(100Vpp). 
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Figure 25 : Crosstalk between R Channel and G 
and B Ones. 
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Figure 24 : Frequency Response of R Channel 
(50Vpp). 
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Figure 26 : Crosstalk between G Channel and R 
and B Ones. 
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Figure 27 : Crosstalk between B Channel and R 


and G Ones. 
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TEA5101A R Channel Step Response. 


Figures 28A and 28B 
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APPLICATION NOTE 


AN AUTOMATIC LINE VOLTAGE SWITCHING CIRCUIT 


ABSTRACT 


The voltages found in line sockets around the 
world vary widely. Power supply designers have, 
most often, overcome this problem by the use of 
a doubler/bridge switch that can double the 
120V nominal line and simply rectify the 240V 
nominal voltage. 


A two device solution (comprising an integrated 
circuit and a customized triac) that will adapt the 
power supply to various line voltages around the 
world is described in the following paper. This 
circuit replaces a manual switch and could also 
open special markets. Other advantages of this 
integrated circuit solution are ease of circuit de- 
sign, lower power dissipation, a smaller compo- 
nent count and additional safety features. 


INTRODUCTION - 
CIRCUIT. 


THE DOUBLER/BRIDGE 
AC line voltages the world over can be divided 
into two main categories : 


a)120V nominal, 60Hz systems. Electronic 
equipment is usually designed to run in the 


Figure 1. 


120, 6BHz 
OR 
O4ny, 5BHz2 


AN389/0191 


VAJAPEYAM SUKUMAR 
THIERRY CASTAGNET 


90V - 132V range. 


b) 240V nominal, 50Hz systems. Equipment has 
to be designed to run in the 187V-264V 
range. 


A good reference for the various line voltages 
around the world is found in [1]. 


Power supplies built to run off these voltages 
have to be either wide range input or must use a 
doubler/bridge circuit. The disadvantage of the 
wide range input scheme - that all components 
have to meet worst case current and voltage re- 
quirements - makes such a solution popular only 
at less than 75W power levels. The popular 
doubler/bridge circuit is shown in Fig. 1. When 
the AC input voltage is 120V nom. (doubler 
mode ) the switch S1 is closed. During the posi- 
tive half cycle of the input voltage capacitor C1 
is charged. During the negative half cycle of the 
input voltage, capacitor C2 is charged to the 
peak line voltage. When the line voltage is 240V 
nom. (bridge mode), the switch S1 is open and 
the circuit works like a conventional bridge recti- 
fier. ; 


Schematic Diagram of a Doubler/Bridge Circuit. 
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APPLICATION NOTE 


At power levels of over 500W, power factor cor- 
rection circuits and three phase line input voltage 
circuits dominate. So, the automatic line voltage 
switching (AVS) circuit is used mostly in the 
75W-500W power range. 


The recent push to replace the mechanical 
switch $1 in Fig.1 with an automatic line voltage 
switching (AVS) circuit Came from computer 


Figure 2. Discrete AVS Circuit Block Diagram 


HIGH VOLTAGE DC BUS 


COMPARATOR 
POWER 


COMPARATOR 


VOLTAGE 
REFERENCE 


PRIMARY RETURN . 


DISCRETE AUTOMATIC VOLTAGE SWITCH- 
ING CIRCUIT 


Figure 2 shows a diagram of the various blocks 
comprising a discrete implementation of the AVS 
circuit. The line voltage selection circuit can be 
divided into three main functions: 


1. Detection of peak line input voltage. Vari- 
ous schemes use resistive or capacitive di- 
viders to measure the voltage across C1 and 
C2. 


2. Comparison with a reference voltage that 
is generated with the help of a zener diode. 
A simple comparator can be implemented 
with two small signal transistors. 


3. Drive for the triac. If the circuit is to be in 
the doubler mode, then the output signal of 
the comparator is boosted to provide the 
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manufacturers. They found that the small addi- 
tional cost of the AVS circuit is less than the 
costs of power supply failures incurred by inad- 
vertently positioning the switch in the wrong po- 
sition. 


While many of the early AVS designs used re- 
lays, the triacs, with their superior reliability, 
small size and low cost are now more popular. 


SIGNAL 
AMPLIFIER 


AND 


LEVEL 
SHIFT 


drive to turn the triac on. This interface cir- 
Cuitry can consist of a high voltage transistor 
and bias resistors. 


DISCRETE VS INTEGRATED CIRCUIT AVS. 


An IC based AVS circuit should be designed to 
overcome the disadvantages of the discrete sol- 
ution that are listed below. 


1. Power Dissipation. 


This is critical because the entire supply current 
necessary for the operation of the AVS circuit 
comes from the high voltage bus. Every milliam- 
pere of current saved in the sensing, comparison 
and drive circuitry increases the efficiency of the 
entire system. 


Pp(AVS)=k*(Vac)*. (1) 
About 80% of the power lost in the AVS scheme 
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is in the gate drive to the triac. This means that 
a sensitive gate triac is the best candidate for 
the switch $1 in Figure 1. 


Discrete AVS solutions usually use between 5W 
and 12W. 


2. Immunity to Input Line Voltage Transients. 


Most power supplies today are designed to meet 
IEEE 587 or similar line transient specifications. 
We must choose a triac that withstands these 
transient voltages without any triggering. So we 
have to make a compromise between low gate 
drive requirements (lat) and good static dv/dt 
immunity. The gate drive circuit of the triac must 
also be designed to reduce any parasitic volt- 
ages at the gate. The gate non- trigger voltage 
(Vap) of most triacs is about 0.2V. 


3. Effect of Line Sags and Surges. 


Line voltages are generally considered to vary 
about +/- 10% from their nominal values. The 
120V nominal can be as high as 132V and the 
208V nom. can fall to 187V. Between 132Vac 
and 187Vac, there exists a window, in which we 
have to design the threshold voltage of the com- 
parator in Fig. 2. Additional (’strife’, etc.) test re- 
quirements can reduce this window to a smaller 
140V to 170V. An analysis of worst case compo- 
nent tolerances is critical in AVS design. 


Figure 3. 
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APPLICATION NOTE 


Ultimately, however, there will always be line 
voltage waveforms that will fool an automatic 
voltage selection scheme. One can think of situ- 
ations where, say, a large motor will pull the line 
voltage down below the threshold voltage during 
startup. A good AVS system will monitor the line 
voltage and protect the power supply . In some 
applications, the bridge mode (240V mode) is 
considered the fail safe mode and if the unit 
starts off in the bridge mode, it should not be 
able to change modes till the power is recycled. 


SGS-THOMSON AVS10 SOLUTION. 


We at SGS-THOMSON studied the possibility of 
an integrated circuit solution for this application. 
The cost constraints ruled out any exotic single 
chip solutions and forced us to opt for an 8 pin 
DIP IC for sensing and a TO-220 triac as the 
power switch. This lC+triac solution, called 
AVS10, also offers optimal protection .against 


noise. 


In order to maximize the design flexibility and re- 
duce turn around time, we chose a semi-custom 
solution called ANACA. A 12V CMOS ANACA 
process used offers mixed analog/digital stand- 


‘ard cell capability. 


OPERATION OF THE AVS10 CIRCUIT 


A typical application diagram for the-AVS10 in a 
power supply is shown in Fig. 3. 
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Figure 4. AVS10 Block Diagram ~ 


Filter 


The series circuit of D1, R6, R7 and C2 provide 
power for the chip. Pin 1, Vss, is a shunt regula- 
tor that provides a -9V (nom.) output. Ri and R2 
are resistive divider precision resistors that are a 
measure of the input line. The voltage at Pin 8 
varies with the input line. Thus the voltage at Pin 
8 is not only a measure of the peak input volt- 
age, but it can also sense line voltage zero 
crossing. Pins 2 and 3 are inputs to an oscillator. 
The resistor R3 and ©1 set the oscillator fre- 
quency. Pin 5 drives the gate of the triac through 
a 3909 resistor. Pin 7 offers the user a choice of 
two different modes of operation. The block dia- 
gram of the IC is given in Fig. 4. 


1. Decreased Power Dissipation. 


Decreased power dissipation is an important ad- 
vantage of the AVS10. While most discrete AVS 
schemes need 5W to 12W of power, the AVS10 
uses about 2W. This performance is thanks to 
an innovative gate triggering scheme (Patent 
Pending). The gate current is made up of a 
pulse train that has a typical duration of around 
23us (45kHz+/-5% ). The duty cycle of the 
pulses is typically 10%. The values of R2 and 
C3 in Fig. 3 are chosen to give us the pulse 
frequency. 


2. Immunity To Voltage Transients. 


The triac of the AVS10 is a sensitive gate triac 


that is specified to remain off when subjected to 
dv/dt of 50V/us. Circuit layout is critical in pre- 
venting false dv/dt turn on of the triac [2]. The 
IC of the AVS10 circuit has a built in digital filter 
that suppresses the effect of all spikes of less 
than 200us duration. 


3. Operating In The _ Failsafe Mode. 


Vmode = Vss. 


The mode pin on the AVSi0 IC, Pin 7 deter- 
mines the behavior of the circuit if it is turned on 
into a line surge/sag situation. If Pin 7 is tied to 
Vss (Pin 1), the AVS10 circuit is in a failsafe 
mode. This means that if the device is turned 
into a bridge mode, it will remain in the bridge 
mode, even if the voltage were to suddenly dip 
into the 110V range. 


4. Operation In Reactive Mode. Vmode = Vpp. 


If Pin 7, the mode pin, is. tied to Vpp, then the 
device will switch between bridge and doubler 
modes if the input voltage changes. If the 110V 
input changes to 220V, then the AVS10 turns 
the triac off by the next mains cycle. If the 220V 
input falls to 110V, the AVS10 circuit has a vali- 
dation period of 8 mains cycles ( when it verifies 
that the voltage is still at 110V) after which the 
triac turns on. Thus, safety features are built into 
the AVS10 circuit. Typical timing diagrams for 
the two modes are given in Figs. 5 and 6. 
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Figure 6. 


Figure 5. 
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Timing diagram - Vmode = Vss 


Vac(RMS) 


| 
TRIAC FIRING ORDER | 1*TRIAC ON ; O=TRIAC OFF 


| | i 


Tdelay <1 cycle 


Timing Diagram - Vmode = Vad 


Vac(RMS) 


TRIAC KIRING ORDER | 1<TRIAC ON | O-TRIAC OFF 
| | | | 


<1 cycle 8 cycles <j cycle 
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A detailed account of how to set the input volt- 
age threshold is found in [2]. 


5. Additional Safety Features. 


Additional steps are taken to enhance the safety 
of design include starting up always into the 
bridge mode. There is a delay of around 250 ms 
at start up before the AVS10 goes into the dou- 
bler mode. 


Hysteresis is also built into the comparator to 
prevent small line voltage variations from caus- 
ing toggling between bridge and doubler modes. 
Only a voltage variation of over 10% of the line 
voltage can cause the AVS10 to change modes. 


CONCLUSION 


This paper describes an efficient way of imple- 
menting an automatic doubler/bridge circuit. The 
primary use of this circuit is in 75W to SOOW 
SMPS. Other innovative uses are possible. One 
example would be industrial motor drives which 
can be designed to accept either 120V line-to- 
neutral or 208V line-to-line input. 


The main advantages of the AVS10 solution are: 


1. High Efficiency. Losses are just 2W vs.” 
5W-10W for discrete schemes. 


2. Safety. Uses digital spike suppression, 
hysteresis, validation of range, a failsafe 
mode and good control over the triac trigger- 


ing. 
3. Space Optimization., small supply resistor. 
Good reliability. 


4. Ease of Use. Eliminates manual line se- 
lection errors. 


5. Suitable solution for various power range: 
AVS10 up to 300W 
AVS12 up to 500W. 
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HOW TO USE THE AVS KIT 


| DESCRIPTION OF THE AVS KIT : 


The AVS10, or AVS12, is an automatic mains 
selector to be used in on line SMP supply with 
Power up to 500W. It is made of two devices. 


1N4007 


The AVS is compatible with 50 and 60 Hz mains 

frequency and operates on two mains voltage 

ranges : 

— On range | (110 Vrms) the AC voltage varies 
from 88 to 132 V and the triac is ON : the 
bridge operates as voltage doubling circuit. 


— On range Il (220 Vrms) the AC voltage varies - 


from 176 V to 276 V and the triac is OFF : 
the circuit operates as full wave bridge. 


i! PERFORMANCE OF THE AVS : 


The contro! of the switch is made by the compar- 
ison of the mains voltage (VM on pin 8) with in- 
ternal threshold voltages (VTH and VH on pin 8). 


AN390/0191 


Eee |. Oe ee 
2x 91AKQ 1W 


PRELIMINARY NOTE 


This switch modifies automatically the structure 
of the input diodes bridge in order to keep a 
same DC voltage range. 


ry ° 
C2 
= 7 NTC 
: ° 2k 85 
; S TC3 
G ; 
AVS10CB 
AVS12 CB NTC 
me ° 


When mains voltage increases from range | to 
range Il the triac conduction is completly stopped 
before one mains period because VM > VTH. 


When mains voltage drops from range II to 
range | VM becomes lower than VTH - VH. 
There are two options (V mode on pin 7) : 


— V mode = VDD ; the triac triggering is valided 
8 mains periods after power on reset. 


—- V mode = VSS ; the triac control remains 
~ locked to range II until circuit reset. 


III USE OF THE AVS: 
Calculation of the oscillator : 
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The oscillator frequency is determined by the 
mains frequency (50 and 60 Hz) and the gate 
control : its required value must be 45 KHz + 
5%; so the value of components is : 
C = 100 pF/5% 
R= 91 KOhms/1% 


The frequency control is made on pin 3. 


Adjustement of the mains mode change : 


The measure of the mains voltage is made by a 
detection of the peak value. 
The change of mains range is made by ad- 
justement of resistor bridge and we advice : 

800 kKOhms < Ri + R2 < 2 mOhms 


Calculation of the change from range | to range 
Il (on pin 8) : 


' IVTH . (R1 + R2)]/(R2 . V2) + Vreg / V2 = 
max.RMS voltage on Range | 


Vreg typ = - 9 V and VTH typ = 4.25 V 


Calculation of the change from Range II to 
range |: 


[(VTH - VH) . (R1 + R2)/R2 . V2] + Vreg / V2 = 
min . RMS voltage on range II 


Vreg typ = - 9 V and VH typ = 0.4 V 


Performance of the power on reset : 


The power on reset permits the charge of the 
bulk capacitors of the SMP supply through soft 
Start circuit. 

The triac triggering is valided (on range |) after 
the validation of power on reset (charge of sup- 
ply capacitor C) and a temporization of 8 mains 
periods. 

T delay = delay time between power on and 
triac triggering 


Td = 0,89 . Vreg. R. C/[(Vams . V2/r)- R . Iss] 
+ 8/f 


f = mains frequency 


R = supply resistor = 18 kOhms 


C = supply capacitor = 33 uF 
Vrms = mains voltage 
Iss = quiescent supply current of AVS 


Supply of the controller : 


The structure of the supply regulator is a shunt 
regulator and its current must be lower than Iss 
max = 30 mA. 


In order to have a good behavior of the circuit 
against mains voltage spikes the pin 4 (VDD) of 
the integrated circuit has to be connected 
straightly with the A1 of the triac. In same way 
the supply diode rectifier and R1 have to be con- 
nected to the diode bridge (see typical applica- 
tion diagram). ; 


Triac control : 


Between pin 5 and triac gate there is a resistor 
in order to limit the gate current; its value is 
given by the controller supply and triac ; the re- 
quired value is 390 Ohms (5%). 


Thermal rating of triac : 


The knowlegde of the maximum triac current Itm 
and the current pulse width tp in worst case con- 
ditions allows to calculate the losses, PT dissi- 
pated by the triac : 
ItRM = Res triac current 
= Irm X vip x Vf 


PT=4.tp.f.lm.Vto/n 
+rt.tp.f. (Itw*) 
for AVS10CB : 
Vto = threshold voltage of triac = 1.1 V 
rt = on state triac resistance = 49 mohms 


for AVS12CB: 
VTO =1V 
rt = 45 mOhms 


The figure 1 of DC general characteristics of 
triac gives these losses PT versus Itrms for this 
application. The figure 2 allows to calculate the 
external heatsink Rry versus PT and Tamb 
when Tj = 1100 


Tj - Te = Rtn j-c AC . PT 
Tce - Tamb = Rt. PT 


2/4 4 
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Example on AVS10 : 


Tease (°C) 


Selec : 
eS 
oe 


50 


100 


440 
o tt 2 3 4 5f 6 7 8 40 30 50 70 $0 440 430 


Figure 1 and Figure 2 of AVS10 Datasheet 


if tp = 2ms and Itrms = 5A 
- PT = 3.8W 
-Tc=100°C if Tj = 110°C 


-RtH = 7.5°C/W_ if Tj = 110°C and 
Tamb < 70°C 


Annex : AVS demo board 


COMPONENT LIST FOR AVS10. 


"DESIGNATION REFERENCE | OBSERVATIONS | MARQUE | 


PRINTED CIRCUIT 
RESISTANCE 
RESISTANCE 
RESISTANCE 


1 MOhms 1% 
18 KOhms 1% 
91 KOhms 1% 


4 
7 
, 
, 

RESISTANCE 2 9.1 KOhms 1W 

RESISTANCE 1 390 Ohms 5% 

DIODE 1 1N4007 

CONDENSATOR 1 100 pF 5% 

CONDENSATOR 1 33uF 16V RADIAL 

TRIAC 1 AVS10CB / AVS12CB | SGS-THOMSON 

INTEGRATED CIRCUIT 1 AVS1ACP08 SGS-THOMSON 

SUPPORT 1 CI 8 PINS 

INVERTER 1 MINIDIP 

SOCKET 1 3 PINS WEIDMULLER 
1 


PLUG 3 PINS WEIDMULLER 
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Products PIN out 


Osc/Out L3/ 


TO 220 AB 
(Plastic) (Plastic) 


Components layout 
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PRELIMINARY NOTE 


| DESCRIPTION OF THE AVS 08 : 


The AVS08, is an automatic mains selector to be This switch modifies automatically the structure 
used in on line SMP supply with Power up to of the input diodes bridge in order to keep a 


200W. It is made of two devices. same DC voltage range. 
rN. 0 
C2 
= = NTC 
c2 
OR 
220V al 
S 7TC3 
G - 
AVS08CB 
AVSO8CBI NTC 


a, 
1 
IN4o07 2*S7KQ IW 


The AVS is compatible with 50 and 60 Hz mains When mains voltage increases from range | to 
frequency and operates on two mains voltage range Il the triac conduction is completly stopped 
ranges : before one mains period because VM > VTH. 
— On range | (110 Vrms) the AC voltage varies 
from 88 to 132 V and the triac is ON : the When mains voltage drops from range Il to 
bridge operates as voltage doubling circuit. range | VM becomes lower than VTH - VH. 
There are two options (V mode on pin 7) : 


~ 


— Onrange Il (220 Vrms) the AC voltage varies ae? 
from 176 V to 276 V and the triac is OFF : — V mode = VDD ; the triac triggering is valided 


the circuit operates as full wave bridge. pmaine peleds alel powelonlesct 


— V mode = VSS ; the triac control remains 


ll PERFORMANCE OF THE AVS : locked to range II until circuit reset. 


The control of the switch is made by the compar- 
ison of the mains voltage (VM on pin 8) with in- 


ternal threshold voltages (VTH and VH on pin 8). Ill USE OF THE AVS : 


Calculation of the oscillator : 
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The oscillator frequency is determined by the 
mains frequency (50 and 60 Hz) and the gate 
control : its required value must be 45 KHz + 
5%; so the value of components is : 
C = 100 pF/5% 
R= 91 KOhms/1% 


The frequency control is made on pin 3. 


Adjustement of the mains mode change : 


The measure of the mains voltage is made by a 
detection of the peak value. 

The change of mains range is made by ad- 
justement of resistor bridge and we advice : 


800 kOhms < R1 + R2 < 2 mOhms 


Calculation of the change from range | to range 
Il (on pin 8) : 


[VTH . (R1 + R2)]/(R2 . V2) + Vreg / V2 = 
max.RMS voltage on Range | 


‘Vreg typ = - 9 V and VTH typ = 4.25 V 


Calculation of the change from Range II to 
range |: 


[(VTH - VH) . (R1 + R2)/R2 . V2] + Vreg / V2 = 
min . RMS voltage on range II 


Vreg typ = - 9 V and VH typ =0.4 V 


Performance of the power on reset : 


The power on reset permits the charge of the 
bulk capacitors of the SMP supply through soft 
start circuit. 

The triac triggering is valided (on range |!) after 
the validation of power on reset (charge of sup- 
ply capacitor C) and a temporization of 8 mains 
periods. 

T delay = delay time between power on and 
triac triggering 


Td = 0,89 . Vreg. R. C/[(Vams. V2/n) - R. Iss] 
+ 8/f 


f = mains frequency 


R = supply resistor = 18 kOhms 


C = supply capacitor = 33 yF 
Vrms = mains voltage 
Iss = quiescent supply current of AVS 


Supply of the controller : 


The structure of the supply regulator is a shunt 
regulator and its current must be lower than Iss 
max = 25 mA. 


In order to have a good behavior of the circuit 
against mains voltage spikes the pin 4 (VDD) of 
the integrated circuit has to be connected 
straightly with the A1 of the triac. In same way 
the supply diode rectifier and Ri have to be con- 
nected to the diode bridge (see typical applica- 
tion diagram). 


Triac control : 


Between pin 5 and triac gate there is a resistor 
in order to limit the gate current; its value is 
given by the controller supply and triac ; the re- 
quired value is 390 Ohms (5%). 


Thermal rating of triac : 


The knowlegde of the RMS triac current and the 
current pulse width tp in worst case conditions ~ 
allows to calculate the losses, PT dissipated by 
the triac : Figure 1 of DC general characteristics 
of triac gives these losses PT. The external 
heatsink RtH can be also calculated with PT and 
ambient temperature Tamb. 


Tj - Te = Rtn J-e AC x PT 
Tc - Tamb = RTH x PT 
tp = a / 21600 
for example : 
if tp = 2ms and ItRms = 3A 
PT =2W and o= 43° 
Tc = 92°C if Tj = 100°C 
RTH = 21°C/W 


if Tj = 100°C and Tamb < 50°C 
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Example on AVSO8 : 


P (W) 


Figure 1 of the AVO8 data sheet 


Annex : AVS demo board 


COMPONENT LIST FOR AVSO8. 


DESIGNATION REFERENCE | OBSERVATIONS ae 


PRINTED CIRCUIT 
RESISTANCE 
RESISTANCE 
RESISTANCE 


1 MOhms 1% 
18 KOhms 1% 
91 KOhms 1% 


RESISTANCE 9.1 KOhms 1W 
RESISTANCE 390 Ohms 5% 
DIODE 1N4007 
CONDENSATOR 100 pF 5% 
CONDENSATOR 33F 16V RADIAL 
TRIAC AVSO08CB SGS-THOMSON 
INTEGRATED CIRCUIT AVS1BCP08 SGS-THOMSON 
Cl 8 PINS 
MINIDIP | 
3 PINS WEIDMULLER 


3 PINS WEIDMULLER 


{ SGS-THOMSON eee ee ee 
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Products PIN out 


T 


TO 220 AB 
(Plastic) (Plastic) 


Components layout 


“i... —________ {7 sGs-THomson 


MICROELECTRONICS 
120 


SGS-THOMSON 
NICROELECTROMICS 


ST 


APPLICATION NOTE 


TV EAST/WEST CORRECTION CIRCUITS 


SUMMARY Page 
I GENERAL PRINCIPLES si toccahceuciniast.omdd cde dn atet tse) dw ends donee eee 2 
l.1 INTRODUCTION sic oie Ste Ae Ni thd aes Ba eae oe om aed wie becdee arraen eal adler to Oats 2 
1.2 DIODE MODULATOR:PRINGIPLE s0.cc.%shs00 3 daria Sets canes ada Ge a eaeaee 3 
1.3 PULSE-WIDTH MODULATOR PRINCIPLE ............ cece eee eee eee eee 6 
1.4 GENERAL CONSIDERATIONS TO GENERATE THE CORRECTION PARABOLA ... 8 
[.5 PADS S TIME IN Vs aes ttsirk te Suc id otha oe Beate hd a wens arate care aps ac Goda lar ech any vedere 10 
1.5.1 Hornzontal Size AGjUSIMEN: cc -edem ets cnt Gere ee kee de odes BA Hee aa sa dacaen 10 
1.5.2 Pin Cushion Cormection AdjUSIMENE jae cia w bu aw ce we was teraee eae od aaure® 4 ee 10 
1.5.3 Trapezium correction adjustment (keystone correction) ...............2 cee ee eee 11 
1.6 PRODUCTS PRESENTATION 't.2<.45a. be thawaawtns out dedwaswendtiwesad wes 12 
Il TEA2031A GENERAL DESCRIPTION ............. 0... cc cece cece eens 12 
4 INTRODUCTION. GAnduts sow seth so edi ad wacehieeni dhe a i ading Salutes 12 
H.2 PARABOLA GENERATION: « sa cnartecicstwa de wis oi oe iiee s achane enw hae Ba wae te ce 13 
H.2.1 Muitiplier stage Operation: 2.2.3.o662o sic sae sew eo eek Seek a es Sewn wwe nes 13 
.2.1.a Operation without keystone Correction .. 1... .. cee cee tee eee teens 14 
1.2.1.b Operation with keystone correction ... 2.2... 0.0... ccc cece eee eee eee eee eens 14 
.2.1.c Example chapplicauons ~s2c5<0se-<ccce auch ado hal ewlteaw se bia cael ead eee eau 15 
1.3 LINE SAWTOOTH GENERATION i. o.622 2t2o0e¥ eocu wee nee ewad edn entawe 16 
1.3.1 Role of resistors R7, R8, RT1 and D2... eee eee 16 
11.3.2 Role of diode D1 and capacitor C3 2... eee nee nee le 
11.4 QUTPUTSTAGE: Sewedtsesunanls Staessen Sean aaaeeas be eos OLS way 18 
4.4 Operation of: the: Oulout Slag@:..c geen ttc Siege to ehek Vedi oe sin eweees Mags 19 
l.4.1.a OUTDUTIN 1G 1OW: SIAC cis ccc Seectenarisns Star iee thal G5 etn ead arene ow trae ee BEG Saale 19 
I1.4.1.b OUTDUTIN HG: MION Stage. ajc va 2 arenes we Sista Gaerdee ee Beardnd wh ee ungue aaa 19 
l.4.1.c OUIPUT WINE COMMU ON iwc ssse dt aed oh eee hs ded Oa a ee ee ae oe SA 20 
l.4.1.d CONCIUSION s232 oc etuieatanceucees caned ud oeseamene ones a Soe eee oad 20 
1.4.2 Operation in association with the diode modulator ....:......... 2... eee eee eee 21 
1.5 SELECTION OF THE VALUES OF CAPACITORS C2 AND C3................... 22 
1.5.1 SBICCION-ONCS. shad. ce ee OS See eee Rae kee ee ee te en ae ee wrareb ne otha 22 
11.5.2 SCICCION ONG2 a2 dp bts coroners eas heise Pease Eee char etd 22 
1.6 APPLICATIONIEXAMPLE usc one oss ealbet ha duns Oi aeia ted awe eee eS 22 
ll TDA4950 - TDA8145 GENERAL DESCRIPTION ..................2 0c eee eee 23 
UN. INTRODUCTION Sta oe ord eee ici tse eee tse das 23 
Il.2 DESCRIPTION Satssetetehccetivandes. 2b ae Seb edee tes ued aurea ieee 24 
1.3 APPLICATION. (44 esc sis pees ote ene bees one Gee esau ae ete ees 27 
AN393/0691 1/35 


APPLICATION NOTE 


SUMMARY (continued) Page 
IV TDA8146 GENERAL DESCRIPTION .............. 0... ccc ccc eee eens 28 
IV.1 INTRODUCTION 34. 0d c'est ehe? m5 aucts $246.08 orirey See wha anand ale eS eae ewe ete 28 
IV.2 INPUT AMPLIFIER AND RECTIFIER .........0..00 ccc ccc cues eee e ees e ee eees 29 
IV.3 VERTICAL-CLAMPING ince s8 ieee ate hwatiite ee ct due mates we aeration 30 
IV.4 REFERENCE AND STARTING CIRCUIT ........... 0... ccc eee ees 30 
IV.5 PARABOLA GENERATOR weitere vt ews Chote a Be eee Bad abe Se ee cole 31 
IV.6 PULSE-WIDTH MODULATOR AND OUTPUT ............ 0... ee eee eee es 32 
IV.7 APPLICATION! want Cotet dee tee Reena e de wee eee ies Cee one 33 
V TDA8147 GENERAL DESCRIPTION ................ 00. cece eee ee eee 34 
V.4 INTRODUCTION iio cscs ces acer dots Rasen owes Shee iweb ad Baers on ee ee Se 34 
V.2 INPUT AMPEIPIER: 1c:240 eivase- cane eae eece nd ous vee aaa ns aatama's Drees 34 
V.3 VOLTAGE REFERENCE AND STARTING CIRCUIT .............-... 2000 eee eee 35 
V.4 PWM MODULATOR AND OUTPUT ....... 0... ccc cece eee eee eee nee e eens 35 
V.5 APPLIGATION): 2c ¢ewona weno todade ee aceh eo Gee eee eee ee has eerre egeeel as 35 
|- TV EAST/WEST CORRECTION Figure 1: Test Grid on a 110° Color Tube 
GENERAL PRINCIPLES 

1.1 - INTRODUCTION 

Allcolor picture tubes which are used in the present 

TV-sets have a magnetic deflection system. Using 

a homogenous magnetic field, we have generally 

a pillow-distortion of a rectangular picture on the 

screen. This is mainly due to the tangens relation 

between the deflection angle and the beam posi- 

tion on the screen 

Using a well dimensioned and optimized in- 

homogenous magnetic deflection field, this distor- Saneiiias 


tion can be eliminated completely for picture tubes 
with a deflection angle of 90°. In the same way the 
pillow-distortion of 110° deflection tubes can be 
eliminated in the vertical direction (North-South 
direction). But until now the distortion in the hori- 
zontal direction (East-West direction) can not elim- 
inated with special designed deflection yokes. A 
distortion remains in Figure 1. 
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In order to compensate this effect, the horizontal 
deflection current in the yoke must be modulated. 
This means a large amplitude of the deflection 
current in the middle of the screen and a small 
amplitude on the top and the bottom of the screen. 
The general behaviour of the deflection currents is 
illustrated in Figure 2. 
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Figure 2 : Horizontal and Vertical Yoke Current (TH = 64us, Ty = 20ms) 


l YOKE 
horizontal 


l YOKE 
vertical 


In this picture Ty and Tu are the time periods for 
the vertical and the horizontal deflection. Note that 
the envelope of the horizontal yoke current must be 
a parabola with the same phase as the vertical 
saw-tooth current. This means an East/West cor- 
rection can be reached by modulating the horizon- 
tal yoke current with a parabola. 


There are different possibilities to modulate the 


V91E-W-02 


yoke current. The most convenient modulator is the 
so-called Diode ‘Modulator described in the next 
chapter. 


1.2 - DIODE MODULATOR PRINCIPLE 


Let us consider the basic circuit of the horizontal 
deflection unit as shown in Figure 3. 


Figure 3 : Basic Circuit of the Horizontal Deflection Power Stage including Modulator 


Line 
transformer 
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Ly : line yoke 
Lu : modulator coil 


Vm : modulator voltage 
Vo : supply voltage 
S1 and S2: electronic switches 
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For the sake of simplicity, the electronic switches 
(diodes and transistors) are drawn as simple 
switches Si and Se. The deflection time TH of 64us 
can be divided in two parts : the scan time Ts at 
which the electronic switches S1 and Se are closed 
and the flyback time Tr (Si and Se opened). The 
total time period is the 


TH=TrF+Ts_ (1.1) 


We assume now that.the line transformer Ltr have 
a neglectable high inductance and the time behavi- 
our is mainly determined by Ly, Lu, Cy, Cm. Small 
modifications are necessary to consider also the 
electrical characteristics of Ltr, but they should not 
be discussed here. 


During the scan time the inductors Ly and Lm are 
directly connected to the voltage sources Vo and 
Vm: 
Viy = Vo — Vm (1.2) 
Vim = Vm (1.3) 


Neglecting any power consumption in possible se- 
ries resistors, the current in the two inductors in- 
creases linear in time : 


_ t(Vo- Vm) 
ie 


: _tVm 
LM = “Ly 


Si and Se closed 
(scan time) 


ity (1.4) 


(1.5) 
Since the current ity and i_m must be zero-symmet- 


rical (average value = 0), the peak value of ity and 
itm is obtained after half of the scan time Ts/2 


~  _ Ts (Vo— Vm) 

ILY = a (1.6) 
~ Ts VM 

iM = 57 (1.7) 


After this time, Si and Se are opened and the 
energy in the inductors Ly and Lm changes to the 
capacitors Cy and Cm. We assume now the same 
resonance frequency for both LC parts 


SGS-THO 


LyCy=LuCm=LC_ (1.8) 


Under this condition, both capacitors Cy and Cm 
have its peak voltage at the half of the flyback time 
TF/2. The energy in the inductors stored at the end 
of the scan period 


Ei =3 L (i)? is then 


completely transformed into the capacitor 


(1.9) 


Ec= v C(Vc)* (1.10) 


Under this condition, we obtain the general equa- 
tion for the peak voltage in the middle of the flyback 


period 
Vo =- iL NE + Vinit (1.11) 


This voltage is the addition of the initial voltage and 
the voltage increase due to the energy transfer. 
With (1.6) and (1.11) we get 


A oA 
Vo—-—Vwy T 
Viy = Voy =~ rar 5 + (Vo — Vv) 


Ts 
= (Vo — Vm) (1 - AL © 
in the same way (1.7 and 1.11) we obtain 


A A Ts 
Vim = Vom = Vm (1 - AL © 


(1.12) 


(1.13) 


The resulting peak voltage during the flyback time 
at the line transformer is then 


V Vive Vineet 
LTR = - Viy - Vim = 0ST e7) (1.14) 


Please note that in this circuit, the horizontal flyback 
voltage Vitr (1.14) is independent from the modu- 
lation voltage Vm, though the yoke current ILy can 
be changed via the modulator voltage Vm (see 1.6) 


An overview of the currents and voltages is given 
in Figure 4. 
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Figure 4 : Currents and Voltages of the Basic Circuit 


independent from Vx4 
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For a practical application, a large capacitor Cs can handling of the modulator driver. The switch Sj is 
. be inserted in series to the yoke to get an S-correc- a standard high voltage power transistor (e.g. 
tion of the deflection current I-y. Simultaneously, BU508A or S2000AFI), the switch Se can be re- 
the voltage Vm can be grouded to have a simpler placed by 2 diodes as shown in Figure 5. 


Figure 5 : Standard Diode Modulator with Class-A Modulator Driver 


Line transformer 


e.g. BU508A 
or S2000AFI 
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Normally, the current Im into the modulator voltage 
source is positive and Vu must only be realized as 
a variable resistor (e.g. transistor Ty). 


Many manufacturers use this simple diode modu- 
lator with such active load. A disadvantage of this 
application is the power consumption in the power 
transistor Tm (~2W). Under ideal conditions, Vu 
should have no power consumption (average 


im = 0), but in practice the coils and the line trans- 
former are not free from parasitic resistors. Further- 
more a reasonably large power is used from the 
various loads on the line transformer. 


An improvement from the power consumption point 
of view is the use of a Switched power stage Vm. 
For this purpose, an additional inductance Ls 
(5...20mH) is used and connected as shown in 
Figure 6. 


Figure 6 : Standard Diode Modulator with Class D Modulator Driver (pulse-width modulator) 


Line transformer 


Point A is biased from a pulse-width modulated 
rectangular wave. The frequency is arbitrary, fora 
simple pulse-width modulator, The horizontal line 
frequency is used normally. 


Figure 7 : Pulse-Width Modulator 


IvOKE 
vertical 
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[.3 - PULSE-WIDTH MODULATOR PRINCIPLE 


The pulse-width modulator for driving the diode 
modulator contains mainly one power comparator 
with the external circuitry shown in Figure 7. 


to diode modulator 


flyback pulses from 
the line transformer 


V91E-W-07 


LYy, ReSotnooes 


126 


The working frequency is determined by the linear 
saw-tooth voltage biasing the positive comparator 
input. It is generated by the flyback pulses of the 
line transformer. The current sink on the positive 
input discharges the capacitor Cs during the scan 
time Ts and yields the negative slope of the saw- 
tooth voltage. 

The negative input is biased from a parabola volt- 
age, its generation is discussed later. 


To improve the performance of this pulse-width 
modulator, a feedback path Rk is provided com- 
pensating variations in the power supply Vcc of the 
comparator. The capacitor Cx together with Rin and 
Rx serves as a low-pass filter to suppress the line 
frequency coming from the comparator output. 


If the current Is in the inductor Ls (see Figures 6 
and 7) is only positive, the output stage can have 
a simple darlington transistor and a diode as seen 
in Figure 8. 


Figure 8 : Comparator Output Stage, only posi- 
tive modulator current Is is allowed 


—— IS VV V2 
ge Sa to diode 
Ss 


Ls modulator 
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lf the darlington stage is switched on, the current Is 
is flowing through Ta and Tp into ground. Other- 
wise, the diode D is conducting and Is flows into 
the supply voltage. 

The power, consumed normally in Lm (see Fig- 
ure 5) is then redelivered into this supply voltage. 


A greater flexibility in the design of the diode mod- 
ulator can be reached, if the current Is is allowed 
to have negative values. For this case, the compa- 
rator power stage must be realized as push-pull 
stage (see Figure 9). 


Figure 9 : Comparator Output Push-pull Stage, 
negative and positive modulator cur- 
rent Is allowed 
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Due to the voltage drop across the transistors and 
diodes, the transition from positive values Is and 
negative values Is yields a voltage step on the 
output as illustrated in Figure 10. 


Figure 10: Voltage on the comparator output by zero crossing of Is 
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APPLICATION NOTE 


In this case the steps in the output voltage produce 
an additional undesired modulation of the yoke 
current. Then you can see some irregularities in the 
vertical lines of the test grid on the screen. With the 
aid of a reasonable large fedback factor (small Rx, 
small Cs, large parabola amplitude) this effect be- 
comes neglectable. 


I.4 - GENERAL CONSIDERATIONS TO 
GENERATE THE CORRECTION PARABOLA 


The correction parabola which drives the pulse- 
width modulator (Figure 7) must have the same 
frequency and phase as the vertical ,deflection 
current inthe yoke. Therefore, the parabola can be 
generated directly from the vertical saw-tooth sig- 
nal which drives the deflection output stage. Prin- 
cipally there are two different kinds for generating 
the parabola: 


a) integrator-network (linear) 


b) functional-network (non linear) 


Let us consider first the integration method : 

The vertical saw-tooth signal can be described with 
the following simple equation, valid for one period 
=i 
Tv 
where A is the amplitude, Tv the time period and t 
the time. 


integrating this signal we get 


Ssaw-tooth (t) =A O<t<Tv (1 1 5) 


t t t A 5 
E dt=} A—dt==— 
J Ssaw-tooth (t) J. Ty t t 


aah te) 


Since the relation between the current and the . 


voltage on a capacitor is given by 
Ve (t) =] ic (ty dt (1.17) 


the parabola can be obtained directly from the 
coupling capacitor Cy in the vertical output stage 
as illustrated in Figure 11. 


Figure 11: Vertical Output Stage and Corresponding Voltages 


Vertical Yoke 
DC - feedback 


var 
AC - feedback CY c 
Vay 


RY |Vay 


a 


Due to the aging and the temperature dependence 
of this (electrolytic) capacitor Cy, some manufac- 
turers prefer to generate the parabola: from the 
voltage drop across Ry (Vry) with the aid .of a 
separate integrator. 

Due to the small amount of active and passive 


components, this integration method is the usual - 
method to realize the East/West correction circuit -- 


with discrete elements. 


The functional network realization requires a quite 
larger amount of active components and is there- 
fore especially suited for integrated circuits. The 
input signal for this kind of parabola generation is 
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also the vertical saw-tooth signal corresponding to 
(1.15). With the aid of a functional (square) net- 
work, the square of this signal can be formed 
according to the following equation : 


Sparabola =k (Ssaw-tooth — So)* 


e to, 
=k(AT Ao) (1.18) 


and is illustrated in Figure 12. 


Thereby, k is the gain and Ao is a DC-level which 
allows to adjust the symmetry of the parabola 
("trapezoidal" or "keystone" correction). 
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Figure 12: Generation.of the Parabola with Functional Network 


Sparabola 


Comparing the two methods, the following proper- 
ties are evident : 


— the parabola amplitude using the integration 
method is frequency dependent : assuming a 
constant amplitude of the saw-tooth signal, the 
amplitude of the parabola is linear in the time 
period Tv (see 1.16) . This means different ad- 
justments between 50 and 60Hz TV-sets. The 
functional (Square) method gives a frequency-in- 
dependent amplitude of the parabola, if a con- 
stant saw-tooth signal is provided. 


— during the flyback time of the saw-tooth signal, 
the functional network produces a second (par- 
asitic) parabola as shown in Figure 12 


Although this parasitic parabola is present during 
the vertical flyback time (dark screen) this small 
parabola (like a spike) produces a damped oscilla- 
tion of the diode modulator. The result is a damped 
sinusoidal vertical line on the top of the screen, ifa 
test-grid is on the screen (the vertical lines are 
similar to a crutch-stick). 


The maximum amplitude of this oscillation is pres- 
ent on the left and right top of the screen. Though 
its amplitude is normally only about 3mm, this effect 
must be suppressed. 


This can be reached by two different methods : 


— the linear saw-tooth voltage generating the pa- 
rabola must have an extremely small flyback 
time. Then the very small parasitic parabola is 
integrated in the capacitor Cx of the comparator 
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and has no effect (see Figure 7). The saw-tooth 
voltage coming from the vertical oscillator fulfills 
this requirement wherefore the deflection yoke- 
current has a too large flyback time. 


— another possibility is to hold the parabola signal 


constant during the flyback time as illustrated in 
Figure 13. 

This behaviour can be reached by providing a 
parabola output limitation and then overmodulat- 
ing the functional network during the flyback 
time. 


Figure 13: Modified parabola : constant during 
the flyback time 


t 
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Overcoming the problems of the parasitic parabola, 
the functional method should be preferred due to 
the independence of the frequency (50/60Hz com- 
patibility). 

The nonlinearity which forms the parabola can be 
realized in two different ways : 


— use of an analog multiplier 


— forming a nonlinear network by piece wise linear- 
ization. 


1.5 - ADJUSTMENTS 


1.5.1 - Horizontal size adjustment 


Adjustment of horizontal amplitude is made by 
modifying the mean cyclic ratio (duty factor) of the 
output pulses. When this mean cyclic ratio is mini- 
mum, the picture width is maximum, because the 
output is more frequently in the low state, and 
therefore the highest current is drawn from the 
diode modulator and the deflection current is max- 
imum. 


Figure 14: Horizontal Size Adjustment 
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Broad picture 
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Narrow picture 


To change the mean cyclic ratio of the pulse train 
(in addition to the change due to the parabolic 
shape of the signal) it is necessary to change the 
continuous level of the sawtooth pulse train (see 
Figure 14). 


The rise of the continous level of the parabola is 
due to the increase of the cyclic ratio, as we have 
seen above. The value of pincushion correction is 
not modified since the parabola peak-to-peak am- 
plitude is kept the same. Only the mean cyclic ratio 
varies, i.e. also the horizontal scan width. 


1.5.2 - Pincushion correction adjustment 


Pincushion correction is made by varying the peak- 
to-peak amplitude of the parabola. The greater this 
amplitude,the greater the variation of the output 
signal cyclic ratio is between the ends and the top 
of the parabola, and therefore the more important 
is the parabolic modulation of the current drawn 
from the diode modulator (see Figure 15). 


Line sawtooth 
\ < signal and vertical 
parabola 


PWM output 


<< ; 
| PUTT | signal 
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«_ Deflection 
~~ current 
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Figure 15: Pincushion Correction Adjustment 


Line sawtooth 
<— signal and vertical 
parabola 


_ PWM output 
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t 


«_ Deflection 


current 
>t 


Slight pincushion Pronounced pincushion 
correction correction V91E-W-15 


1.5.3 - Trapezium correction adjustment (keystone correction) 
Trapezium correction is made by modifying the symmetry of the left and right sides of the parabola (Figure 
16). 


Figure 16 : Keystone Correction 


Line sawtooth 
<— signal and vertical 
parabola 


_ PWM output 
signal 


«_ Deflection 
current 


Top of Bottom of Top of Bottom of 
picture picture picture picture 


Picture broad at top and Picture narrow at top and 
narrow at bottom broad at bottom V91E-W-16 
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I.6 - PRODUCTS PRESENTATION 


All the East/West correction devices are with class 
D diode modulator driver. Concerning the frame 
parabola generation, TDA4950, TDA8145 and 
TDA8146 use a non-linear network whereas 
TEA2031A uses an analog multiplier. TDA4950 
and TDA8145 generate a parabola with a fixed 
shape; this shape is different between the two 
devices and makes the TDA4950 intended for stan- 
dard CRT and TDA8145 for square tubes. These 
two devices have a parasitic parabola suppression 
(during vertical flyback time) by current limitation. 
TDA8146 has a programmable parabola shape 
generation by segments which makes it suitable for 
different CRTs. It has also a parasitic parabola 
suppression by pulse during vertical flyback. 


All the devices can support a keystone correction 
adjustment (parabola symmetry) and have 
50/60Hz capability. Some others adjustments are 
possible (picture width...). 


Finally, another available device the TDA8147 has 
been designed for use in the East/West pincushion 
correction by driving a diode modulator but since 
this device has not the parabola generator and is 
drived by a PWM, it is very useful in digital TV-sets. 


A detailed description about all the devices is done 
in the next chapters. 
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ll - TEA2031A GENERAL DESCRIPTION 


ll.1 - INTRODUCTION 


The TEA2031A circuit comprises (see Figure 17) : 
an analog multiplier that uses a frame sawtooth 
signal applied on Pin 1 so that the current on Pin 7 
has a parabolic modulation. 

This multiplier operates in current differential mode 

and uses a reference DC voltage, selected accord- 

ing to the continuous level of the sawtooth voltage, 

and applied on Pin 2. 

The level of this DC voltage also serves to correct 

trapezium distortion. 

— areference voltage available on Pin 3 that can 
be used (via a voltage divider) to provide input 2 
of the multiplier with a reference voltage. 

— acurrent generator, producing a line frequency 
sawtooth signal by integrating the line flyback 
signal and generating current available on Pin 8. 

— a comparator controlling the output stage by 
using the line sawtooth signal applied on its 
+input (Pin 8) and the parabolic signal generated 
by the multiplier and applied on its -input (Pin 7). 

An output stage that can absorb or deliver current 
and comprises a diode connected to the DC volt- 
age supply in order to limit the voltage applied on 
the output terminal during line flyback. This stage 
enables the diode modulator of the line scan circuit 
to be driven directly with a maximum current of 
0.5A. 

This maximum current that the output can absorb 

is not limited by the size of the transistors but by 

the maximum power dissipated by the package 

(Minidip). 
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Figure 17: Block Diagram 


11.2 - PARABOLA GENERATION 11.2.1 - Multiplier stage operation 
Using a fixed continuous current and a vertical = !he multiplier inputs (Pins 1 and 2) operate in 
sawtooth current, the multiplier generates an out- Current differential mode (Figure 18). 


put current on Pin 7 with parabolic modulation. 
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Figure 18: Multiplier Stage 


TEA2031A 


K (L1 - L2)° 


The output current is given by : 
iz =izpc — k (i4 — i2)* 


i7>c and k depend on the current reference on 
Pin 3. 


Remarks : As we can see, the two inputs can be 
inverted and the slope of the sawtooth has no 
influence on the parabola shape. 
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11.2.1.a - Operation without keystone correction 


In order to eliminate supply and thermal drift influ- 
ences, Ri is taken equal to Re. In this case, 
Vipc = Venc (Figure 19). 


1].2.1.b - Operation with keystone correction 


In order to correct keystone correction, V2 voltage 
becomes adjustable. In this case, the parabola 
shape presents a dissymmetry (Figure 20). 


SON 


ky SG5 THOMSON 


APPLICATION NOTE 


Figure 19: Operation without Keystone Correc- Figure 20 : Operation with Keystone Correction 


tion 
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I].2.1.c - Example of applications 


Vo #V, DC 
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1. Sawtooth coming from the horizontal:vertical be 22kQ for best conditions of operation (to 
processor (e.g. TDA8185, TEA2028B., ...) have the good internal current reference). 
In this case, Vipc = 2.5V (Figure 21). 2. Sawtooth coming from the vertical output stage 


For practical reason, the DC voltage comes (Figure 22) 
from internal voltage reference.Impedance 


1 
value seen between Pin 3 and ground must In this caseVipc = OV and R1 = R2+ 2 RT2 


Figure 21 : Sawtooth coming from H/V Processor 
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Figure 22 : Sawtooth coming from Vertical Output Stage 


Vertical 


lI.3 - LINE SAWTOOTH GENERATION 


The line sawtooth signal is applied as a reference 
at the +input terminal of the comparator. It is ob- 
tained by integrating the line flyback and the con- 
stant current discharge of capacitor C3 in Pin 8 
(Figure 23). 


1.3.1 - Role of resistors R7, R8, RT1 and D2 

By means of the voltage divider bridge comprising 
resistors R7, RT1 and R8, a signal that is the image 
of the line flyback signal applied on R7, is obtained 


Figure 23 : Line Sawtooth Generation 


ae Line Flyback (16kHz) 


Line Sawtooth 


Ig 
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on the slide contact of potentiometer RT1. The 
peak amplitude of this signal depends on the nom- 
inal voltage of the Zener diode D2 and on the 
adjustment of RT1. 


The role of Zener diode D2 is to maintain a constant 
amplitude of the signal on the slide contact of RT1 
whatever the variations in amplitude of the line 
flyback signal. 


This diode D2 can be also replaced by a single 
diode connected to a regulated 12V or 15V power 
supply. 


Parabola (50Hz) 


Output 
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11.3.2 - Role of diode D1 and capacitor C3 


During line flyback, diode D1 rapidly charges ca- 
pacitor C3 at the potential available on the slide 
contact of RT1. 

Then during line scanning, D1 is blocked and C3 is 
discharged at constant current (about 50yA) 
through Pin 8. 

The peak-to-peak amplitude of the line frequency 
sawtooth signal obtained in this way depends di- 


APPLICATION NOTE 


rectly on the value of capacitor C3 since it is defined 
by the discharge current of the capacitor and the 
line period (Figure 24). 


This amplitude can be calculated using the follow- 
ing equation : 


dt - ig 
V8 (peak-to-peak) = C3 


where Dt = duration of line and ig = current in Pin 8. 


Figure 24: Peak-to-peak Amplitude of Sawtooth Signal versus Two Different Values of C3 (with RT1 = 


constant) 
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The continuous level of this sawtooth signal is set by adjusting potentiometer RT1 (Figure 25). 


Figure 25 : Continuous Level of Sawtooth Signal for Two Different Adjustments of RT1 
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11.4 - OUTPUT STAGE tooth signal at line frequency on +input (Pin 8) and 
The output stage is controlled by the comparator the parabola at vertical frequency on -input (Pin 7) 
fed by signals applied on its inputs, i.e. the saw- (see Figure 26). 


Figure 26: Output Stage 
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The comparison between the 50Hz parabola and means of the diode modulator, the modulation of 
the sawtooth signal at line frequency (16kKHz) pro- the line scanning current during each field period 
duces pulses at line frequency with a duty cycle that in order to carry out the pincushion correction (or 
is modulated at vertical frequency. This allows, by East/West correction) (see Figure 27). 


Figure 27 : PWM Output Signal (with adaptation of time scales) 
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OV 
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The role of the filter C2 and RT3 + R6 is to suppress the line frequency of the feedback output signal. 
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11.4.1 - Operation of the Output Stage 


The operation of the output stage can be consid- 
ered as 3 separate cases according to the 3 possi- 
ble states of output Pin 5. 


Figure 28 : Output in Low State 


TEA2031A 


The continuous level and the peak-to-peak ampli- 
tude of the parabola are at their minimum when the 
RT3 value is minimum. 

It is possible to calculate the voltage for a given 
point of the parabola (Pin 7) using the following 
equation : 

R5 - (R6 + RT3) 

R5 + R6 + RIT3 


The capacitance of C2 is neglected as this capac- 
Figure 29 : Output in High State 


V7b = 7 - 


TEA2031A 


It is possible to calculate the voltage for a given point of the parabola (Pin 7) with the following equation : 


V7n=i7- 
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I!.4.1.a - Output in the low state (Figure 28) 


In this case resistances R6 and RTS are connected 
to the ground, therefore they are in parallel with R5, 
according to the following diagram. 
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itor is equivalent to an open-circuit at vertical fre- 
quency. 

Il.4.1.b - Output in the high state (Figure 29) 

In this case, resistances R6, RT3 and R5 form a 
voltage divider bridge which returns on Pin 7 and 
capacitor C2 part of the continuous voltage avail- 
able on the output terminal that is added to the 
parabola voltage. 


The equivalent circuit diagram is the following : 


Continuous level 
is maximum when 
RT3 is minimum 
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Il.4.1.c - Output with commutation 


In this case and if capacitor C2 is eliminated, 
Figure 30 gives the signal obtained on Pin 7. It 


Figure 30 : Output with Commutation (without C2) 


In normal circuit configuration, capacitor C2 is con- 
nected and constitutes a filter with R6 and RT3. The 


Figure 31 : Output with Commutation (with C2) 


corresponds exactly to the levels and amplitudes 


of the parabolas for output in the high state and the 
low state, linked by 16kHz commutations. 


Parabola level 
~— for high state 
output 


~— 16kHz commutations 


Parabola level 
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preceding signal is filtered and is transformed into 


the signal shown in Figure 31. 


Mean continuous level 
as a function of the 
cyclic ratio of the 
output pulses 


The 16kHz line frequency component has disap- 
peared in the signal and only the 50Hz parabola 
remains, but slightly modulated at line frequency 
by the C2 charge when the output is in the high 
state, and by the C2 discharge when the output is 
in the low state; this gives a tiny triangular modula- 
tion signal. 


So the continuous level of the parabola depends 
only on the cyclic ratio of the output pulse train. This 
level can be calculated by means of the following 
equation : Vmean = M- V7n + (1 - M)- Vib 


where 
M  : output pulse cyclic ratio 


V7h : mean level on Pin 7, output blocked in the 
high state 


V7: mean level on Pin 7, output blocked in the 
low state 
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We see that, when the cyclic ratio increases, the 
continuous level of the parabola also increases and 
approaches its maximum level when the output is 
in the high state. Conversely, when the cyclic ratio 
decreases, the continuous level of the parabola 
also decreases since it approaches its minimum 
continuous level when the outputis in the low state. 


11.4.1.d - Conclusion 


For a given parabolic current i7, the parabola peak- 
to-peak amplitude depends only on resistance val- 
ues R5,R6 and RT3. Therefore by adjusting RT3, 
it is possible to obtain a more or less pronounced 
parabola and so adjust the importance of pincush- 
ion correction. 


The continuous level of the parabola depends prin- 
cipally on the mean cyclic ratio at the output, and 
much less on the adjustment of RT3. 


STA SGS-THOMSON 


MICROELECTROMICS 


11.4.2 - Operation in association with the 

diode modulator 

In the majority of cases, the system operates by 
drawing more or less high current from the modu- 
lator through the connecting inductor. The current 
through terminal Pin 5 of TEA2031 Ais entering into 


Figure 32 : Operation with Diode Modulator 
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the circuit. It flows, either to the ground when the 
output is in the low state, or to Vcc through the 
internal diode when the output is in the high state 
and the output voltage tends to exceed Vcc. The 
circuit can also produce current. 
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Figure 33 : Output Oscillagrams 
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11.5 - SELECTION OF THE VALUES OF 
CAPACITORS C2 AND C3 


Correct operation of TEA2031A depends partly on 
the choice of these values for two reasons : 


— for agiven amplitude of the parabola, the impor- 
tance of final pincushion correction at the output 
of TEA2031A is determined by defining, by 
means of C3, the amplitude of the line sawtooth 
wave. 


— the absence of oscillation at circuit output is 
controlled through adjustment of the value of C2 
as described below. 


11.5.1 - Selection of C3 

As seen before (chapter I!.3.2), the value of C3 and 
only this value (in the limits of the available voltage 
on the slider of RT1) can fix the value for the 
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amplitude of the line sawtooth wave. Now this 
amplitude must be greater than the parabola am- 
plitude (Pin 7) but not so far in order to have a 
correction amplitude sufficient but permitting also 
an horizontal amplitude adjustment : 


— if the line sawtooth wave and the parabola have 
the same amplitude, the pincushion correction is 
maximum but the horizontal amplitude adjust- 
ment range is non-exutent 


— if the line sawtooth amplitude is much greater 
than the parabola’s one, we will have a large 
range for the horizontal amplitude adjustment, 
but it will be to the detriment of the pincushion 
correction amplitude. 

Once the desired line sawtooth amplitude has been 

fixed, we can calculate the value of C3 with the 

following formula 

_ Dt - ig 


C3 Ve 


where 

Dt : line scan duration (around 53us) 

ig : Pin 8 current (around 50uA) 

Vg __: line sawtooth peak-to-peak amplitude (Pin 8) 


11.5.2 - Selection of C2 

The selection of C2 is related to the values of R5, 
R6 and RTS. The value of C2 must be large enough 
to avoid any risk of oscillations at output for the 
entire range of adjustment of potentiometers RT1 
and RT3. The value of C2 must be small enough 
not to influence the shape of the vertical frequency 
parabola. 


11.6 - APPLICATION EXAMPLE 
Atypical application diagram is given in Figure 34. 
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Figure 34: Typical Application 


IL 


Line Flyback 


R5 100k2 


APPLICATION NOTE 


Veg 24V 


Ci 10uF 
) i 


il 


C2 22nF 


Typical frame sawtooth 


lil - TDA4950 - TDA8145 GENERAL 
DESCRIPTION 


[ll.1 - INTRODUCTION 


The TDA4950 and TDA8145 consist mainly of 5 
parts as seen in the simplified circuit diagram (Fig- 
ure 35). 

1. Full-wave rectifier for the input current lin. 


2. Current limiter in order to limit the rectified cur- 
rent lin to the maximum value of 40uA (with 


AYf, BRS 


) 0 0 (to diode 
modulator) 
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this functional block a suppression of the para- 
sitic parabola is possible, see chapter 1.4). 


. Parabola network producing the current 


la = k(lin)* (k = constant). 


. Comparator and output stage working as a 


pulse-width modulator for driving the diode 
modulator. 


. Voltage reference and current reference which 


produces the reference current IRer via exter- 
nal resistor Rl between Pin 3 and Ground. 
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Figure 35: Simplified Circuit Diagram for TDA4950 - TDA8145 
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lll.2 - DESCRIPTION ing on the sign of the input current lin. 


Let us consider the blocks in detail : Assuming that lin is negative, the feedback loop is 
The input amplifier OP1 drives the transistor Q5 or closed via the transistor Q5 and the output current 
Q6. They offer two different signal paths, depend- Ics is given by 
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Ics = les ( na — lin c <7 


where Bs is the current gain of the transistor Q5. Bs 
can be assumed to be more than 100, so the 
mismatching between Ics and lin is less than 1%. 


For a positive current lin the output voltage of OP1 
decreases : Q5 is switched off the current lin is the 
emitter current lei3 of Q6. 


Its collector current Ice is given by 


Ic6 = lin c a7 


Since the maximum input current is 40uA, the 
current gain of this PNP transistor is still high 
enough to give a reasonable small error. This cur- 
rent biases the current mirror Q8 and Q9. A good 
matching between the current Ics and Icg must be 
provided. Thus the current Is is given by 


— lin ( 4 lin < 0 


+ lin f a lin > 0 


| Neglecting the base current of Q6 and QS, Is is 
nearly the absolute value of lin. 


Note that for both signal paths, the OP1 has a 
feedback factor of 1. This means OP1 must be 
frequency compensated for unity gain. 


Is = 


The transistors Q3 and Q4 work as a normal current 
mirror if the current Is plus le is smaller than the 
current llim : 


2 Is < lim 


In this case the excess current is shunted via the 
PNP transistor Q1. 


If the current Is becomes higher 
Is > him/2 
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the transistor Q1 switches off and Q2 picks up the 
current Is from the rectifier which exceeds the 
maximum value of llim/2. 


Using the proposed reference resistor RI between 
Pin 3 and Ground (11kQ) the current le can be 
described with 


lin lin < 40nA 
le = 
40ynA lin > 40nA 


The parabola network produces an output current 
la which is approximately a parabola : la =k IE* 


The parabolic behaviour la is obtained via piece- 
wise linear approximation. For this purpose the 
identical resistors Rz are connected with the four 
emitters. The four different biasing currents iz, 3iz, 
5iz, 7iz yield four different threshold voltages, so 
the four emitter currents of Q11 are switched step- 
wise. A schematic illustration of the single emitter 
currents leqi1 (1...4) of Q11 as a function of the 
current le is given in Figure 36. 


Due to the exponential character of the emitter 
current as a function of the base emitter voltage, 
the output current la is smoothed. 


For designing the values of Rz and iz of this parab- 
ola network we must take a compromise between 
the smoothing effect and the temperature depen- 
dence. Small values of Rz and iz yield small thresh- 
old voltages for the 4 emitters of Q11. This means 
a good smoothing of the edges, but a worse tem- 
perature dependence. 


Large values of Rz and iz yield the opposite result. 
Practical experiences show that a value of 0.5V for 
the 4th emitter (R13 7iz) for lin= 0 gives an accept- 
able cmpromise. 


Due to different values of resistor Rz, the TDA8145 
is adapted to flat square tubes (see Figure 37 for 
the two different shapes of the parabola). 
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Figure 36: Transfer Characteristic of the Parabola Network 
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Figure 37: Parabola Shapes for TDA4950 and 
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The parabolic output current Ia produces a corre- 
sponding voltage drop across an external resistor 
between Pin 7 and Ground (18kQ). The additional 
constant current source lo shifts the D.C. voltage 
level to achieve an appropriate operating point of 
the comparator. Its non-inverting input is connected 
with a horizontal saw-tooth voltage. For this pur- 
pose an external capacitor is connected with Pin 8 
and Ground which is discharged with the internal 
current source Ic. It will be charged with the positive 
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lEqi1 (1) 
lEq11 (2) 
lEQi1 (3) 


lEqi1 (4) 
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flyback pulses produced in the line transformer 
during the flyback time. 


Due to the linear saw-tooth voltage on Pin 8 this 
comparator works as a pulse-width modulator. 
The output of this comparator controls the output 
stage. If the output of the comparator OP2 Is high, 
Q21 and Q12 are saturated. Therefore, the Darling- 
ton output transistor Q19, Q20 is switched off. The 
transistor Q13 and the resistor R5 acts as a current 
source biasing the current mirror Q14, Q15. The 
transistor Q16 is switched on. 


If the output of OP2 becomes low, Q12 and Q21 
are switched off. In this case the current in Q14 and 
Q15 dissappears and Q16 is switched off. Synchro- 
nously the darlington stage Q19 and Q20 is satu- 
rated. 


In order to achieve a fast commutation from Q16 to 
Q19/Q20 an active discharging of Q16 is provided 
with the aid of the transistor Q17. 

During a normal operation range if the output cur- 
rent lout is positive, only the Darlington stage (Q19, 
Q20) and the diode D1 are necessary to drive the 
external inductor. With the aid of Qi6 and the 
intrinsic substrate diode D4 the output current iout 
can become negative, too; so that the modulation 
range of the diode modulator becomes larger. 
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The Zener diode Z1 serves as the voltage refer- 
ence. With the aid of the diodes D2 and D3, a good 
temperature compensation can be achieved. 
Using an external resistor of R; = 11kQ between 
Pin 3 and Ground we get an accurate and temper- 
ature independent current reference to bias the 
internal current sources: 


lll.3 - APPLICATION 


A standard application diagram is given in Fig- 
ure 39. 

Pin 2 is biased from a linear saw-tooth voltage, the 
resistor Rin produces the input saw-tooth current. 
The non-inverting input (Pin 1) is connected with 
an adjustable voltage (keystone correction). With 
the aid of this trimmer, the symmetry of the parab- 
ola can be adjusted in order to correct a trapezoidal 
errorinthe colour picture tube. A further adjustment 
trimmer is responsible for the picture width and 
influences only the DC-level of the comparator 
input (Pin 8). (Since the discharging current sink on 
Pin 8 is constant, the amplitude of the horizontal 
saw-tooth voltage (Vpp) remains constant). 


Diode 
modulator 


SS 100kQ 


Keystone 
correction 


) ( 
10mH 
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The thrid trimmer is in the feedback path and is 
responsible for the parabola correction factor. With 
the aid of this trimmer the distortion on the screen 
can be changed from pillow-distortion up to an 
over-correction (tun-distorsion). 


For some applications the keystone adjustment 
trimmer is not necessary (Small trapezoidal error of 
the picture tube). In this case, a symmetric parab- 
ola should be produced. 


This can easily be obtained by AC-coupling the 
input (Pin 2) as seen in Figure 38. 


Figure 38 : AC-coupled Vertical Saw-tooth Volt- 
age, no Keystone (trapezoidal) Cor- 
rection 
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In order to avoid any distorsion, the time constant 
Cin - Rin should be at least 10 times larger than the 
time period (Cin- Rin>10- 20ms). On the other 
hand a too large time constant yields an undesired 
bouncing effect in the East/West correction. 

The DC voltage on Pin 1 is arbitrary. 

For the sake of simplicity, connect Pin 1 with Pin 3. 
Another possible application with parasitic parab- 
ola suppression is given in Figure 40. 


The input current into Pin 2 is generated via the 
voltage drop on Ru. Due to the common mode 
rejection of the input operational amplifier, the volt- 
age change during the vertical scan time (saw- 
tooth voltage) has nearly no effect. During the 
flyback time, a positive pulse (> Vcc) is present on 
Pin 1 and Pin 2. With this flyback pulse the current 
limitation in the parabola generation circuit is acti- 
vated and limits the parabola amplitude. Since the 
flyback time is relatively long, this limitation is nec- 


essary to suppress the parasitic parabola (see 
chapter 1.4). 


IV - TDA8146 GENERAL DESCRIPTION 


IV.1 - INTRODUCTION 


The TDA8146 was designed for TV and monitor 
sets with various types of picture tubes, where a 
programmable parabola is mandatory. The com- 
plete block diagram is shown in Figure 41. 


The following features confer to this IC an all-pur- 
pose suitability : 
— programmable parabolic current generator 


— parasitic parabola suppression during vertical 
flyback 


— output sink current up to 800mA and source 
current up to 100mA 


— vertical current Sense inputs ground compatible 


Figure 40: Application of TDA4950 and TDA8145 with Parasitic Parabola Suppression 


Deflection 
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Figure 41: Block Diagram 
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[V.2 - INPUT AMPLIFIER AND RECTIFIER 
The input circuitry (Figure 42) is designed for a common mode range up to 12V. 


Figure 42: Input and Rectifier Principle Diagram 
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The voltage drop on R1 gives on Ianp (Pin 3) : Vai = R11 - IReF 
The operational amplifier OP regulates the current through R2, thus : 
IR2 = (VAi - Vin) / R2 = (R11 - IRE - Vin) / R2 
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For Vin > 0, we note the output current of the input 
amplifier In : 


In = IReF - IRo = IREF - (R1 - IREF - Vin) / R2 


For Vin < 0, we note the output current of the input 
amplifier Ip : 


Ip = Re - IREF = (R1 , IREF = Vin) /R2 - IREF 


The rectifier is formed by Q2, Q3 and Q4. For 
Vin > 0, In flows through Q2 to the rectifier output, 
thus IR = IN. 

For Vin < 0, Ip flows through Q3 from Vs into the 
output of the input amplifier. Q4 reflects the Ip 
current, thus the rectifier output currrent will be 
IR = |pm = Ip. 


If the sign convention of IR is considered, we have : 
(R1 - IRer — Vin) lece (1 _ 4 , vin 
R REF TR R2 


— IREF 


IR= 


In our case, R1 = R2 = 10kQ and IRer = 120A 


If Vin is a symmetrical saw-tooth with GND as the 
average value and 1.6 Vpeak-to-peak, the rectified 
peak current will be : 


Figure 43 : Vertical Clamping Principle Diagram 
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IV.3 - VERTICAL CLAMPING 


To avoid the parasitic parabola during the vertical 
flyback time a vertical clamp circuit was used. 


The vertical clamping principle is presented in Fig- 
ure 43. 

The rectified sawtooth current IR Flows through D2 
to the output. 


When V goes over Vs, Q1 switches off and Q2 on. 
lREF flows now through D1 to the output and Ir 
through Q2 to the ground. IRc = IREF is now the 
clamped value of the output current. 


IV.4 - REFERENCE AND STARTING CIRCUIT 
Figure 44 presents the complete voltage and cur- 
rent reference circuitry. 


8.2 
The reference current is lIREF = —-—-—— = 


To guarantee the start of the device, it is necessary 
to choose the value of the resistor R5 in order to 
have a minimum current of 56nA. 


Rectified and Clamped 


Sawtooth Current 


O lac 


Vertical 
Flyback 
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Figure 44: Reference and Starting Circuit 
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IV.5 - PARABOLA GENERATOR 
Figure 45 presents the simplified circuit diagram of the parabola generator. 


Figure 45: Parabola Generation 
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The parabolic behaviour of the parabola output corresponding voltage drop across an external re- 
current is obtained via piecewise linear approxima- sistor between Pin' 12 and ground. 

tion. 

Two external pins permit an external adjustment of 
the parabola shape (these pins can be connected 
to ground or to resistors). 


As it can be seen in Figure 46 the parabola can be 
corrected in the following limits : 


Vos/Vc = K5 = 1.07 with Pin 5 to GND 
The parabolic output current on Pin 12 Produces a Vc4/Vc = K4 = 1.17 with Pins 4 and 5 to GND 


Figure 46 : Parabola Correction 


during 
flyback 


Vse 
V91E-W-46 


An application specific correction can be thus obtained for various picture tube types. 


IV.6 - PULSE-WIDTH MODULATOR AND OUTPUT 
The simplified diagram of the pulse-width modulator and output is presented in Figure 47. 


Figure 47: Pulse-width Modulator and Output 
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The non-inverting input of the comparator (Pin 11) 
is connected to a horizontal saw-tooth voltage. An 
external capacitor connected on Pin 11 is charged 
during the flyback time and then discharged by the 
internal current source generating the saw-tooth 
voltage. 


Due to the linear saw-tooth voltage on Pin 11, the 
comparator works as a pulse-width modulator. The 
output of this comparator controls the output stage. 
If the output of the comparator is high, Q67 and 
Q64 are saturated. The Darlington output configu- 
ration Q65/Q66 is switched off. Q62 acts together 
with R53 as a current source, biasing the current 


Figure 48: Application Diagram 
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mirror Q58/Q59. The transistor Q60 is switched on. 


If the output of the comparator becomes low, Q64 
and Q67 are switched off. The current through 
D58/Q59 disappears and Q60 is switched off. Syn- 
chronously the Darlington stage Q65/Q66 is satu- 
rated. In order to achieve a fast commutation, an 
active discharging of the Q60 base charge is pro- 
vided with the aid of Q63. 


IV.7 - APPLICATION 


An application diagram is presented in Figure 48. 
The internal Zener configuration on Pin 9 can be 
useful in certain application. 


ey aX. 


Horizontal 
Flyback 
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V - TDA8147 GENERAL DESCRIPTION 


V.1 - INTRODUCTION 


The TDA8147 was designed as an interface IC tor in digital chassis. The complete block diagram 
between the digital circuitry and the diode modula- is shown in Figure 49. 


Figure 49 : 1DA8147 Block Diagram 
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V.2 - INPUT AMPLIFIER 


The pulse-width modulator of the TDA8147 is work- 
ing with input voltages from 1V to 23V. To have the 
same range for the parabola voltage an input am- 
plifier is necessary. Digital TV sets deliver an ana- 
log parabola or a PWI-signal with small amplitude 
(2V to 3V). 


An additional signal ground (SGND Pin) separates 
the digital ground from the deflection circuit ground. 


The internal feedback loop of the amplifier gives a 
voltage gain 
Ay = ied + 1 =4.5 (see Figure 50) 

5 V91E-W-50 
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V.3 - VOLTAGE REFERENCE AND STARTING 
CIRCUIT 


The voltage reference and starting circuit have the 
same configuration as for the TDA8146 (see para- 
graph IV.4). 


V.4 - PWM MODULATOR AND OUTPUT 


The PWM modulator (Figure 51) has the same 
configuration as for the TDA8146. So see para- 


Figure 51: Application Diagram 
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graph IV.6 for explanation. 


V.5 - APPLICATION 


A Standard application diagram is given in Fig- 
ure 51. 

Since all the adjustment of the parabola are made 
by the digital processor, only the feedback loop of 
the PWM modulator must be carefully designed. 
The TDA8147 is well-suited for new TV concepts 
with 32kHz line frequency. 


modulator 
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[- INTRODUCTION 


The aim of this application note is to provide the 

designer with information on how to design and 

implement a simple and low-cost switching power 

supply around the TEA2018A SMPS Controller. 

This publication has been sub-divided into 3 distinct 

sections, namely : 

- An overview of the current mode regulation 

- Detailed description of TEA2018A characteristics 

- Application example of a 30W discontinuous 
mode flyback converter operating directly on 
220Vreus mains voltage. 

This document also covers a description of 

TEA2019 which replaces the TEA2018A in appli- 


Il - TABLE OF UNITS AND SYMBOLS 


Pout 


L 
to 


TREF 


Ill - CURRENT MODE REGULATION 


lll.1 - Description 


In current mode operation, the regulation is per- 
formed by monitoring the peak current through the 
power switch (switching transistor). 


- At every period, the conduction of the power 
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APPLICATION NOTE 


cations requiring power transistor turn off synchro- 


nization with an external signal. 


This function is particularly useful in video applica- 
tions where the switching transistor turn off is syn- 
chronized with the line flyback signal. 
SPECIFICATION OF A TYPICAL APPLICATION 
- Discontinuous Mode Flyback 
- Switching Frequency : up to 40kHz 
- Power : the power handling capability is deter- 
mined by the amount of available base current. 
Assuming a forced gain of 6 for the power tran- 
sistor: * Pmax = 60W (TEA2018A) 
¢ Puax = SOW (TEA2019) 


transistor is initialized by a clock signal issued 
from the oscillator. 


- The power transistor is turned-off when its collec- 
tor current reaches the threshold level fixed by 
error amplifier. 
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APPLICATION NOTE 


Figure 1 : Current Mode Control 
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The main advantage of Current Mode Regulation 

in Discontinuous Mode Flyback Configuration is yee ( (REDS at | 
. ra ‘ . P P PEAK 

that it offers an efficient rejection of all input voltage 

variations. : 

The peak current value through the power switch, 


at constant output power, is independent of the Variations of the input voltage have no effect on the 
input voltage value. error amplifier output voltage. 


Figure 2 


Constant Error Amplifier Output Voltage 


Full Input Voltage Rejection 
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APPLICATION NOTE 


IV - FUNCTIONAL DESCRIPTION OF TEA 2018A 


IV.1 - Block diagram 
(all values given in the following block diagram are typical values ). 
Figure 3 


Feedback 


91AN2018/9-03 


IV.2 - Oscillator and maximum duty cycle 
IV.2.1 - Simplified diagram 
Figure 4 


¢ During Ct charge : Vini1) = 0.66 Vcc 
* During Ct discharge : Vin(1) = 0.33 Vcc 
¢ Vih(2) = 0.56 Vcc 


a2 

2 
= 

& 
2 
Q 


a 
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APPLICATION NOTE 


IV.2.2 - Waveforms 
Figure 5 


OSCILLATOR - —>-0.56 Voc 


SAWTOOTH 


INTERNAL 


CLOCK SIGNAL 


COMPARATOR 
MAXIMUM 
DUTY CYCLE 
OUTPUT 


| 
] 
| 
| 
| 
I 
J 


BASE 
CURRENT 
91AN2018/9-05 


PERIOD : T = {CHARGE + tDISCHARGE 
° tCHARGE = 0.66 Rt . Ct 
* {DISCHARGE ~ 0.66 RpISCHARGE - Ct 


T = 0.66 Ci (Rt + 2000) 


IV.3 - Error amplifier 


- The error amplifier gain is internally fixed at 30dB set the frequency response characteristics. 
typical value. - Voltage Reference : The value of the reference 
Internally implemented compensation networks voltage applied to the inverting terminal is 2.4 V. 


Figure 6 : Error Amplifier Frequency Response Characteristics 
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APPLICATION NOTE 


IV.3.1 - Functional behaviour on low-load 


When the feed-back voltage exceeds the regula- State thereby avoiding the initiation of any new 
tion range, the comparator output remains in high conduction cycle. 


Figure 7 


FEED-BACK 


COMPARATOR 
OUTPUT VOLTAGE 


AVtyp = 10 mV 
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Consequence : On low loads, the conduction frequency becomes lower than the oscillator frequency. 
[V.4 - Current measurement & limitation 


Peak current through the power switch is set by the Clamping the amplifier output voltage at 0.63V will 
error amplifier output voltage. result in limiting the Isense pin voltage at 1V level. 


Figure 8 
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In current limitation : 


V* = 1.23 V-V,. = 0.63V 


Ri =>V —1V 


V= V einay + ( Vinee Vi ing) } R1i+R2 sia 
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APPLICATION NOTE 


IV.4.1 - Disabling the current monitoring function 


During oscillator saw-tooth flyback, the output of conduction cycle (Ti period on waveforms of 

the PWM comparator is disabled and conse- Figure 9). 

quently : - All parasitics such as those generated by the 

- The minimum conduction time ton(min) required to recovery of secondary-connected diodes (with- 
discharge the snubber network is fulfilled what- out RC filter) are eliminated (period T2 on Fig- 
ever the status of IseENse input at the beginning of ure 9). 

Figure 9 
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IV.5 - Demagnetization monitoring 


No new conduction cycle is allowed as long as the as long as the transformer is not fully demagne- 
pin 7 voltage remains higher than 0.1V . tized. 

When used in Discontinuous Mode Flyback config- It is obvious that this function offers efficient secu- 
uration, this function will inhibit any new conduction rity in case of overload and short-circuits. 


Figure 10 : Demagnetization Sensing 
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Comments : 


- Demagnetization monitoring feature can be used - This function is disabled by grounding the pin7. 
‘to implement an on-off function. 
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APPLICATION NOTE 


Figure 11 : Waveforms 
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IV.6 - Thermal protection 


When the junction temperature exceeds +150°C, an on-chip protection device will inhibit any new 
conduction. 


V.7 - TEA2018A behaviour as a function of Vcc 
Figure 12 : Vcc Monitoring Circuit 
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APPLICATION NOTE 


Figure 13 : Waveforms 
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APPLICATION NOTE 


IV.8 - Output stage (Power transistor base drive) 
The TEA2018A has been designed to provide direct drive to bipolar power transistors. 
Figure 14 : Simplified Diagram of the Output Stage 
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tiB(ON) = 0.66 x 2000 x Cr 
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(Vns : negative stage dropout 0.8 V to 1 V) 
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APPLICATION NOTE 


IV.8.1 - Transistor turn-on 

Apulse current "Ip(ony" provides for rapid transistor 
turn-on. The duration of this pulse is equal to the 
oscillator saw-tooth fall time. 
The value of this current is : IB(on) = 1V/Re 


IV.8.2 - Proportional base drive 

Once the turn-on current pulse Ipjon) has been 
issued, the internal current_recopy device of 
TEA2018A will output a voltage Vout such that : 


Vout = V«pin3) + VBE 


Ic_ Re 


=> Forced gain= ~—= 


Vout = Vee+Re. Ip A 
B E 


Vpina) = Re. Ic 


IV.8.3 - Transistor turn-off 

The power transistor is turned-off by the application 
of a negative base current. A500ns typical interval 
duration between the positive stage turn-off and the 
negative stage turn-on, will prevent simultaneous 
conduction of complementary output stages and 
also abrupt transistor turn-off. 


V - APPLICATION EXAMPLE 


V.1 - Customized application design 
V.1.1 - Specifications 
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3.3W < Pout < 30W 
176 Vrms < Vac < 245 Vams 
200 Voc S$ Vin < 350 Voc 


130 Voc < Vin < 350 Voc 


Vra=210V 


1 = 70% 


(5V, 2A), (12V, 1.5A) 


es 
Yes 


IV.8.4 - Minimum conduction time 

In order to allow the discharge of snubber network, 
each conduction cycle has a minimum duration 
equal to ton(min). 


Figure 16 
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| 
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t 


: tON(min) = tIB(ON) + ts 
*ts : Power Transistor storage time 
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APPLICATION NOTE 


V.1.2 - Calculation of power elements (see also section 7.1) 


@ VIN(MIN) = 200V e ‘Ome = 0.426 


(where ton(L) = conduction time fixed in current limitation mode) 
@ Ip(av) = 0.214 @ IP(PEAK) = 1A 
@ Lp =3mH @ Pout(miNn) = 2.65W 


@ 5V Output: a" < 0.029 Is(PEAK) = 9.4A => Diode : BYW98 - 50 


e 12V Output : = < 0.061 Is(PEAK) = 7.05A => Diode : BYW98 - 50 


e Transistor selection 


* Icax) = 1A 
¢ Vc(mMax) = VIN(MAX) + VR + Vspikes = 800V 


= BUV 46A 


V.1.3 - Transistor switching aid network 
Figure 17 


«C= MPEAK) «tr 
C= > y™ 1nF 

¢ 3RC = ton(miN) 
R = 1kQ [ for ton(min) ~ 3s] 

¢ Diode : BA159 

* Maximum Power dissipated in R : 


= i C [Vinqmaxyl-- f=1.8W 


Ip(PEAK) 


an eee | 
tr = 400 ns 
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V.1.4 - Demagnetization sensing 

a. Risk of flux runaway without demagnetization overloads. 

sensing Due to the minimum conduction time imposed by 
In the absence of demagnetization sensing, the TEA2018A, there will be risk of flux runaway within 
converter will operate in continuous mode flyback the transformer and the current through the tran- 
at power supply start-up and also in the case of sistor. 
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Figure 18 
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Flux runaway at start-up or in case of short-circuit : Vin . tonaminy > VLoss . a } [T — toncmin)] 


(Where Vioss = 1.5 V is the voltage drop accross the rectifier diode and the resistive component 


of secondary winding). 


Combining ton(min) and demagnetization sensing . 


functions, will yield highly secure operation ensur- 
ing the following functions : 


* magnetic flux monitoring 
° efficient discharge of snubber networks 


b. Implementing the demagnetization sensing 


The winding used for circuit power supply will also 
reflect an image of the induced flux. The value of 
the resistor "Ros" used for this function is not critical 
and can fall within : 10kQ < Rps < 47kQ range. 


Figure 19 : Configuration Arrangement and Short-circuit Waveforms 


TEA 2018A 


No new conduction cycle may be initiated as long 
as the transformer is not fully demagnetized. On 
start-up, and in the case of overloads, the demag- 
netization sensing function will modify the fre- 
quency of the conduction cycles accordingly. 


c - Damping network 
Once the transformer has been demagnetized, 
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positive voltage oscillations produced by the dis- 
charge of resonant "Lp.C" network may result in 
unwanted activation of the demagnetization moni- 
toring function. 

To prevent this problem, all that required is to damp 
the voltage oscillations, as shown in Figure 21, 
through "Rp - Dp" network where diode Dp "shunts" 
the resistor "Rp". 


MSON 


APPLICATION NOTE 


Figure 20 
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Figure 21 
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d - Transformation ratio considerations 


On initial start-up, due to demagnetization monitor- rise in multiples of the normal operating frequency 
ing function, the value of conduction frequency will "f" as illustrated below : 
BEGINNING END 
OF OF 
START-UP fin ——-+> f/n-1 ____» ... ——_>» #/2 ___» f START-UP 
15/37 
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APPLICATION NOTE 


Employing a conventionally calculated transformer, the converter will stop operating at "f/2" frequency. 


Figure 22 


2T 
TRANSFORMER FLUX 
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Combining (1), (2) and (3) : 


ns c [Vour a Vol [T - tonayl 
np [V ineatny : tonw] V2 


V.1.5 - Oscillator, 
The converter operating frequency will switch from 


" " wen ¢ f II 1 iti | ti fi d: 7 H 
/2" to "I" if the following condition is satistie The value of capacitor "C;" is calculated as a 


function of : 


tuna t tom < T 


(@ f/2 frequency) 


° fON(min) : = Sus 
tON(min) = tiB(ON) + STORAGE | Ct = 1.2nF 


Oy = Le - tp = Vineainy - tony tSTORAGE ~ 1.5py1s Ct 2 470pF 


tiB(ON) = 0.66 Ct . 2000 
(where toy) = conduction time fixed in current 
limitation mode) 


The value of resistor Rt is calculated as a 
function of period T as follows : 


T = 0.66 Ct (Rt + 2000) = 37us @ Rt = 47kKQ 
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APPLICATION NOTE 


V.1.6 - Power transistor base drive 
The "Re" resistor is calculated as a function of nected to pin 3 "IsENsE" to protect the device 


"current limitation" and the resistor "Rs" as a func- against mains-generated transitional overvoltages. 
tion of "forced gain". Resistor "Rp" can be con- 
Figure 23 
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Current limitation 


V ping) = 0.88V (current limitation threshold value) 


*R, = 1002 


__R3__ 
PINS) ~ Ro + RB” 


V Re Ip R= 12 4°R3=10 


°| 1A 


C(MAX) ~ 


Gain calculation 


= 1A = Transistor : BUV46A = Forced Gain = -¢ =9 


ls 


C(MAX) 


R3 


‘ PINS) Ro + RB 


Ra - |p V R,- |p = R, = 8.22 


B e ls +) 


(PIN3) — 
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APPLICATION NOTE 


V.1.7 - Self-supply 


Power supply start-up 

A high value resistor inserted between the "high 
voltage source” and "Vcc" capacitor will charge up 
this capacitor upon the initial supply start-up. 


Figure 24 


The TEA2018A starts operating at Vcc = 6V (typ). 
On-chip implemented hysteresis of 1.1V (typ) will 
trigger the self-supply function. 


l— {START 91AN2018/9-24 


The value of R is calculated to yield maximum start-up time. 


°C = 220uF 

¢ VoC(START)MAX = 6.6V 
* Icc(MAX) = 1.6MA 

* START = 3S 


a - Positive self-supply : Vcc 


The Vcc supply is provided by a flyback-type wind- 
ing. The number of turns "n" is selected to yield a 
voltage "V" of approximately 10V. 


Within the self-supply arrangement, the resistor 
"Re = 15Q" in combination with the capacitor of 


Figure 25 


1N4148 
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° ICHARGE = 


VCC(START)MAX - © 
tSTART 


___ Vaccminy . V2 
ICC(MAX) + ICHARGE 


*R=120 kQ 


Voc, form a filter network which attenuates mains- 
generated voltage spikes. 


Note that in the absence of this filter, the energy 
generated by voltage spikes can often satisfy the 
power supply requirements of the TEA2018A in 
case of any short-circuit on low-voltage windings. 


VCC(START) 
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‘4 
zJi.dt 


is sufficiently high to meet the power 
supply requirements without Rr 


kyz 3&3 THOMSON 


b. Negative Self-supply : V 
A negative supply voltage "V™ is required for effi- 
cient transistor turn-off. 


This voltage is generated by an auxiliary winding 
connected in forward arrangement. 


The "zener diode" will clamp this negative voltage 
and make it independent from the input voltage 
(Vin > 200V). 


The "Cs" capacitor will accelerate V- settling pro- 
cess upon the initial power supply start-up. Resistor 
"Rs" is used to limit the current upon the negative 
power supply setup. 


Figure 26 
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“lay = Ix = 15 mA 


n 
Vin -av- Iv") 
p 
° Rs(max) = 


(AV) 
= 230Q (@ Vin = 200V) 
Prefered value : Rs = 150 
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APPLICATION NOTE 


V.1.8 - Regulation 
As illustrated in Figure 28, the self-supply winding 
is also used for voltage regulation. 


To avoid the power drawn by TEA2018A to influ- 
ence the regulation, the supply for regulation is. 
generated by a source independent from "Vcc". 


Figure 27 


1N4148 


1N4148 
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The RC filter attenuates the parasitics due to volt- 
age spikes generated by switching. However, the 
cut-off frequency of this filter must be sufficiently 
high so as to avoid excessive slow-down of the 
regulation loop response. 


V.1.9 - Operation under overload & short-circuit 
conditions 


In case of any overload, the secondary voltage will 
fall, circuit power supply will drop below Vccistop), 
consequently TEA2018A stops operating and its 
power consumption will fall under the current sup- 
plied by the start-up resistor. 


The capacitor of "Vcc" begins charging up and a 
new conduction cycle will be initiated as soon as 
"Vcc" reaches "Vccistart)" level. 


The system will function in relaxation mode as long 
as the overload persists. 
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APPLICATION NOTE 


Figure 28 
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V.1.10 - Operation on Low-loads 


When the output power falls below : 
jeae the regulation becomes incompatible with the op- 


‘5 erating frequency "f", conduction cycles occur in a 
(Vin = Lonanny) ie random fashion and at a frequency lower than "f". 


Pouraminy = 2.1L, 


Figure 29 
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Note : This event has no impact on the power supply reliability. 
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APPLICATION NOTE 


VI - FUNCTIONAL DESCRIPTION OF TEA2019 


VI.1 - Introduction - an internal PLL which allows synchronization of 

The TEA2019 has an internal architecture similar the power transistor turn-off with an external clock 

to TEA2018A and offers the following additional signal 

features : - power transistor desaturation monitoring 

- a true positive current source providing linear - possibility to dissipate externally the power re- 
charge-up of the timing capacitor "Ct" quired for transistor base drive 


VI.2 - Block Diagram 
Figure 31 
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APPLICATION NOTE 


VI.3 - Differences between TEA2018A & TEA2019 


VI.3.1 - Oscillator capacitor "C;" charging current is constant and is 
The oscillator saw-tooth waveform is linear. The determined by the value of resistor "Ri’. 


Figure 32 


TEA 2019 


0.66Vcc 
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¢ T = tcHARGE + tDISCHARGE 
¢ T = 0.69 Ct (Rt + 2000) 


* Maximum Duty Cycle = 80% 
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V1.3.2 - Vce Monitoring 


If during the power transistor conduction period the turned-off until the next conduction cycle. To dis- 
pin 4 voltage exceeds 3.2V, the transistor would be able this function, pin 4 must be grounded. 


Figure 33 
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APPLICATION NOTE 


VI.3.3 - Output stage 

An external resistor connected between Vcc and 
Vaux will dissipate a portion of the power required 
by the base drive. The value of this resistor is 
calculated to be as large as possible but appropri- 
ately dimentioned to avoid the saturation of the 
output stage Q1. 


Figure 34 
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Vec — Vee — Voemin 


R= 
IB(MAX) 


- Re- (where Vceqminy = 1.5 V) 


Figure 35 
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I CHARGE — 


- Power dissipated in Q; (Flyback) : 
P=!2N) Weg — Vag) . BMA _ (Re +R) IB(ax) 
T cc BE) - 5 B 3 


- Power improvement compared to TEA2018A: 


2 (Vcc — 3.5 V) 


P ~— 3(Vcc— Vee) - 2. Re. lamax) ~  Veo~5V 


at: Voo=+9V=3=05 ic. 50%} 


V1.3.4 - PLL 

In a discontinuous mode flyback configuration, the 
power transistor turn-off produces significant 
amount of noise. It is therefore interesting to syn- 
chronize this event with an external signal. 

Since the transistor turn-off instant in current mode 
operation is generally unknown, consequently, only 
phase and frequency locking of the oscillator will 
enable to synchronize the transistor turn-off time 
without disturbing the voltage regulation loop. 

a. - Operating principles 

Oscillator phase and frequency can be accurately 
controlled by adjusting the charge current of "Ct" 
capacitor. The PLL behaves as a current generator, 
the direction and the magnitude of which are func- 
tion of the phase difference between transistor 
turn-off and the synchronization signal. 


AlcHarGE < 0 AlcHARGE > 0 


OSCILLATOR 
WAVEFORM 


Voc 


= —A TonarGE 
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b - Internal structure 

The major building block of the PLL is an analog nal. Multiplier output signal has a complex spec- 
multiplier whose two inputs are the synchronization trum; a low-pass filter is employed to extract the DC 
signal and power transistor turn-off monitoring sig- and low-frequency components. 


Figure 36 


Sync. Pulse 
(frer my 7% [2 
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SYNCHRONIZATION 
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PLL 
OUTPUT 
CURRENT 
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In phase Maximum Delay Maximum advance 


The PLL will source or sink the maximal current when the shift interval between synchronization signal and 
the transistor turn-off equals ts/2 . 
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c - PLL input signal 


ci - Transistor turn-off Signal : Tswo 
Due to transistor storage time, the PWM compara- 


Figure 38 


c2 - Synchronization Signal 

The characteristics of synchronization signal are 
outlined in section 6.3.5. 

d. - Characteristics of the PLL 


Figure 39 


Tswo Ts ++ 
1 
1 


SYNC. 
(TREF) 


I+PLL 
IPLL, 
PLL 
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tor will generate a pulse which will be used as Tswo 
signal. 


CURRENT 
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di - Synchronization 

When synchronization occurs, the average current 
delivered by PLL is equal to AlcHarRGceE required for 
frequency compensation. 


| A IcHarcE | => | | Baty +] lPLL(dt) | 
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d2. - Capture Range : | fo - frer | max 

The signal delivered by PLL prior to synchroniza- 
tion has | fo - frer | component. Gas is the overall 
gain of multiplier and filter stages. Phase locking is 


Figure 40 
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possible if the frequency difference | fo - fRer | sat- 


isfies the following relationship : 
Gab | fo-frer| 2 O db 


Low-impedance 


ANALOG 
MULTIPLIER 


|= DERE) Ot 


e - Output filter calculation 

For stability reasons, the output filter is calculated 

at gain G1 = 0 cB. 

- "f2" frequency determines the capture range. 

- "{3" frequency is equal to the free-running fre- 
quency "fo". 

- The "Go" gain is rather complex to evaluate. By 
approximation, it is proportional to the ewkonng 
transistor storage time "ts”. 

At ts = 2us , the gain Go = 24dB 


f - Numerical application 


The following calculations yield the optimum value 
of capture range : 


*fo = 15.6kHz (switching frequency) 


*f2= 2.2kHz (this is the selected 


Capture range + 8us with 
respect to 641s period) 


Gi=0dB, Vcc=8V, ts=2us, Cr=1.5nF, 
Rt = S6kW , Go = 24dB 
R = Rt yields excellent noise immunity. 


yy, 
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Log | fosc¢ - frer| 
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1 2-2. 
2m.C.R.RI1 


R11 


Go — G; = -20 log ———— A+Al => R1 = 3.9kQ 


1 
2nmRiC1 

R+Ri 
2nm.C.R.RI1 


fo= = C; = 22nF 


f3 = = C =3.3nF 


g - Holding range 

Once the capture occurs, the free-running fre- 
quency "fosc" can rise within the holding range 
without causing loss of synchronization. 

When synchronization is achieved, the filter no 
longer introduces any attenuation and thus the 
holding range becomes larger than the capture 
range. The holding range is given by : 


1 


AT = Tree . ——-—_—_—- 
iad a 0.33 . Voc . Ct 


IPLL . ts 


Where : 

- TreF : the period of synchronization signal 

- IpLL: the maximum current the PLL can source or 
sink (0.7mA typ) 
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V1.3.5 - Synchronization signal and the input filter 
The synchronization signal applied to PLL input (pin7) must respect the following conditions : 


Figure 41 


| TREF 
dv/dt > 0 


PIN 7 VOLTAGE . 0.55V (typ) 


(V) Vpp ° 2.5V (max) 


Synchronization Range 
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The TEA2019 has been particularly designed for during the line flyback. 
video applications where the synchronization sig- Figure below illustrates the configuration arrange- 
nal is obtained from the flyback signal generated ment used in such applications. 


Figure 42 


¢ In typical application : C3 = 47nF, C2 = 33nF 
¢ R2 is calculated as a function of : 


) 


R2 = Maa . Y. 
C2 log cer 


Vsync — VIN 
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@ Vce Monitoring 


ep ainbig 


uoleziuoJyoUAS Um UOHeOI|dde yeoidA| - L"p'|A 


suoneoddy - r'lA 


ALON NOILVOlIddV 


981 
ZE/OE 


“‘Buipuim Ayeyixne au} Ag peyes9ueb s! abeyOA -A : JUBWWOD 


SDINOULISUTIOUD] 


NOSWOHI-sos SAY 


4x 1N4007 


1N4148 689 | 1N4148 


2x12mH 


oO 
= 
=A 


m@ No Synchronization m 55Vams § Vac < 250 Vams 
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1 er 


1.5 kQ 
Le) 


90 - 260 Vac 


m Input voltage range : 90 Vac to 260 Vac 
m Scanning Frequency : 32kHz 


m 20W < Pout <s 40W 


Lp =0.77 mH 


2-4 uins 


Flyback Pulse 
from 
EHT Transformer 


3 x 1N4001 


m Output: *°*60V+ 1.5%, 0.5A 
© 24V + 2%, 0.4A 


m@ Synchronization signals is transmitted via an 
optocoupler inserted within the regulation loop. 
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VI.5 - Synchronization signal transmission 


This signal is often generated from the secondary vanic isolation. 
of the power supply, and therefore requires gal- Two solutions outlined below are both appropriate : 


Figure 46 : Transmission through EHT transformer winding 


Well-insulated wire 


Primary 
91AN2018/9-46 


Secondary 
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In this configuration, the optocoupler is used for the transmission of both, feed-back voltage and the 
synchronization signal. 


Ly ree 
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VI.6 - APPLICATION VARIANTS 
VI.6.1 - Regulation by optocoupler 


Figure 48 


TEA 2018A 
OR 
TEA 2019 
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V1.6.2 - V Generator 
Figure 49 


TEA 2018A 
OR TEA 2018A 
TEA 2019 OR 
TEA 2019 


4x 1N4001 
1W 


Up to lo.qy) = 0.25A Up to loa) = 0.5A 
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C(AV) 


V1.6.3 - Overvoltage protection 
Figure 50 


TEA 2018A 
OR 
TEA 2019 


V 
REF 91AN2018/9-50 


Vz a Viec(max) . 
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V1.6.4 - Application without demagnetization sensing 
If the condition given below is satisfied, the demag- any risk of flux runaway in case of short-circuits or 
netization sensing function can be omitted without at Start-up. 


Vinctiny 


Loss 


T—t 


ON(MIN) 
t 


Pe tony 
ON(MIN) tonaaxy 


(V 


+ Viogs) = V 


OUT : 
IN(MAX) 


Consequently, the damping network is no longer required and the "demagnetization sensing input" can be 
grounded. 


VI.6.5 - Full shut-down at overload 
In case of overload, the arrangement depicted below will completely shut-down the power supply. To re-start 
the system, capacitor "C1" must be discharged. 


Figure 51 


re-start inhibited 


Overload 


R = 2202 
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VI.6.6 - Oscillator (TEA2018A only) 
Figure 52 


TEA 2018A TEA 2018A 


Both configurations are functionally equivalent 
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Vil - FIXED FREQUENCY DISCONTINUOUS MODE FLYBACK 


VIl.1 - Fundamentals *ton<t< tam: energy transfer toward the secondary 
An operating phase includes 3 phases : winding 

°OQ<ts<ton : energy is stored within the primary *tim<t<T : dead time, the transformer is fully 
inductance demagnetized. 

Figure 53 
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- K:open 
- D: conducts > K : open 


¢ D: blocked 


n 
+ Vk = Vint Mou + Vo) oe 


Energy stored during t,,, 
(Vin la 


LP 2L, 


al. 
= 
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VII.2 - Transformer calculation and power semiconductors selection 


Figure 54 


(Lp , np) 
Xx 
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¢ Maximum operation duty cycle : 


(1) tony _ Vr 7 VR 
T Vr + Vincminy T ~ Va+vV2. Vinainy 


PouT(Max) | 
¢ Maximum average primary current : IP(AWMAX = — 
gep ry (AV) n VINCMIN) 


. e: | Z 
¢ Maximum peak primary current : Ip(PEAK) = 2 IPpavyMAX - tony 


ton(L) 


¢ Primary inductance : Le = Vinmin) - pa 
(PEAK) 


¢ Maximum transformation ratio : 


(1) eS 2 [ Vout + Vo ] [ T — tonay J (2) Ey ro [ Vout + Vo ] [ T — tonay J 
(MAX) 


np VIN(MIN) - tony NP J max) VINMIN) « tony . V2 


ae T 
¢ Peak rectifier current : Is(PEAK) = 2 lout 7 —~ 
(tim — ton) 


2 
¢ Minimum power transfer at frequency "f" : Poutmin = - [Vinawax) - tonaany 1 VIN = 70 MIN) ] .f 
. Lp 


Where: « (1) : without demagnetization monitoring 
* (2) : with demagnetization monitoring 


* toniL) : Conduction time before current limitation 
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VII.3 - Multi-output flyback 


All transformer windings undergo the same flux change of dé/dt. Regulation of any output causes regulation 
of all other windings. 


Figure 55 
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| - GENERAL DESCRIPTION 


As depicted in figure below, the TEA2028 combines 
3 major functions of a TV set as follows : 


- Horizontal (line) and vertical (frame) time base 
generation for spot deviation. The video signal is 


Figure 1 


potas oats 


Miscellaneous 
Functions 


| TEA 2028 


Miscellaneous | 
Power Supplies 


This integrated circuit has been implemented in 
bipolar I7L technology, and various functions are 
digitally processed. In fact, resorting to logic func- 
tions has the advantage of working with pure and 
accurate signals while full benefit is drawn from 
high integration of logic gates (approx. 110 gates 
per mm*). 

The main objective is to drive all functions using an 
accurate time base generated by a master 500 kHz 
oscillator. 


Also, horizontal and vertical time bases, are ob- 
tained by binary division of reference frequency. 
This has the advantage of eliminating the 2 adjust- 
ments which were necessary in former devices. 


One section of this integrated circuit is designed to 
drive a switching power supply of recent implemen- 
tation called "master-slave". Switching takes place 
on the primary side (i.e., directly on mains) of a 
transformer. The device ensures SMPS Control, 
Start-up and Protection functions. Control signals 
go through a small pulse transformer thereby pro- 
viding full isolation from mains supply. 


This new approach fully eliminates the bulky mains 
transformers used in the past. In addition, it offers 


4/55 


1.F. 
Separator 
VHF 


Video Signal 


Syne, 
Separator 
Mains Input | 
Primary- 
SMPS 
= pag Lae Time Base = Power Amp. 


used for the synchronization of both time bases. 
- On-chip switching power supply controller syn- 
chronized on line frequency. 


Sound Sound 
LF. Detection C{ 
Picture Picture Color 
LF. Detection Decoding 
GB 


Vertical 
Power Amp. 


Horizontal 


Vertical 
Time Base 


‘Horizontal 


Miscellaneous 
Power Suplies 
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optimized power consumption and reduction of TV 
cost-price. 


Il - MAIN FUNCTIONS 

- Detection and extraction of line and frame syn- 

chronization pulses from the composite video 

signal. 

Horizontal scanning control and synchronization 

by two phase-locked loop devices. 

Video identification. 

50 or 60Hz standard recognition for vertical scan- 

ning. 

Generation of a self-synchronized frame saw- 

tooth for 50/60Hz standards. 

Line time constant switching for VCR operation 

through an input labeled "VCR" (Video Cassette 

Recorder). 

Control and regulation of a primary-connected 

switching power supply by on-chip controller de- 

vice combining : 

° an error amplifier 

¢ a pulse width modulator synchronized on line 
frequency 

¢ a Start-up and protection system 
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- Overall TV set protection input - Frame blanking safety input for CRT protection 
- Frame blanking and super sandcastle output sig- in case of vertical stage failure. 
nals 


¥ 


Ill - PIN CONNECTION (TEA2028B) 


[PinNumber | SS~*~<“—*~S*S*SCCSCCCCSCSCSHiptiomSCSCSCS~C~S 
Horizontal output monostable capacitor 


Super-sandcastle output 


Vco phase shift network 


61 phase comparator capacitor 


Horizontal sync detection capacitor (50% of peak to peak sync level) 
Video input 
Safety input 


Package : DIP28 
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os Phase 2 Super 
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V. FUNCTIONAL DESCRIPTION 


Majority of the on-chip analog functions were com- 
puter simulated and results such as temperature 
variation, technological characteristic dispersion 
and stability, have led to the enhancement and 
implementation of actually employed structures. A 
parallel in-depth study of the device implemented 
in form of integrated sub-sections is provided to 
analyze the overall performance in a TV set. 


V.1 - Internal voltage and current references ~ 
V.1.1 - 1.26V Voltage reference 

For optimum operation of the device, an accurate 
and temperature-stable voltage generator inde- 
pendent from Vcc variations is used (Band-gap 
type generator). 

The generated 1.26 V is particularly used as refer- 
ence setting on input comparators. 


V.1.1.1 - Generator block diagram 
Figure 3 


Vo=VeetA.a 
=1.26V 


+ 0.086 mV°C 
oe ee 
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with A = Seal 


aa = +40.086mV/"C 


dT 
7 VBE25") — 1.26 
T 
If AA = 1.26 - Vee 
Then : Vo = 1.26V (temperature-independent) 


= 25.7mV at +25°C 


=—~2mV/C 
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APPLICATION NOTE 


In practice, maximum drift due to Paes can 
be +0.23 mV/°C 

i.e., + 1.5 % fora AT of 80°C. 

V.1.2 - Current reference 


This is implemented using the 1.26V generator in 
combination with an external resistor. 


Figure 4 


V14 7 1.26 + Vee1 — VBE2 
ReExt REXT 
| and Vee1 = VBeE2 


IREF = l14= 


Let’s ly4 = 


then : IREF = 2 = 380A 
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Thus, it follows that IRer is accurate and indepen- 
dent of both Vcc and temperature. 


A set of current generators proportional to IREF 
current are used in various circuit blocks. 


V.2 - Line sync. extraction 


Horizontal and vertical time bases should be syn- 
chronized with corresponding sync. pulses trans- 
mitted inside the infra-black portion of video signal. 
The duty of this stage is to extract these sync 
pulses. The output signal, called composite sync, 
contains the vertical sync which is transmitted by 
simple inversion of line sync. pulses: 


The vertical sync pulse is then extracted from this 
composite signal. 


MSON 7/55 


APPLICATION NOTE 


Figure 5 


Black 
Video —(Level 


Input 
Signal 


i—« Sync Level its, 
y » at SE ee | 


Composite Sync. 
Output Signal 


The main advantage of this arrangement is its 
ability to operate at video input signal levels falling 
within 0.2V to 3V peak-to-peak range and at any 
average value. 

The operating principle is to lock the black level of 
the input signal (pin 27) onto internaly fixed voltage 


V.2.1 - Black level locking 
Figure 6 


Video 


The video signal is applied to pin 27 through the 
coupling capacitor "C27". Since the sync pulse 
amplitude is generally equal to 1/3 of Vpp (i.e. 66 mV 
to 1V) and in order to obtain a good precision of the 
black level, the sync pulse should be amplified by 
a coefficient of - 14 before being applied to the 
comparator "C1". This comparator will charge the 


ae sd  ses-THo 


| —' Frame Sync. 
91AN2028/29-05 


(Vn) and then memorize the average voltage of the 
sync pulse by using an integrating capacitor con- 
nected to pin 26. 


Finally, the composite sync signal is delivered by a 
comparator the inputs of which are driven by Vso% 
and video signals. 
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"C27" capacitor as long as Vsi > Vn. Vsi_ will 
stabilize at Vn during the line flyback interval "T," if 
the average charge of "C27" capacitor is nil for one 
TH period. 


Ic/Ip is calculated such that the locking occurs at 
the middle of the back porch. 
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Figure 7 


The AVsi produced by Ip during the line trace which 
is : 


Ip - ta 
14x-—— 
ee 


must be equal to AVsi during the time interval "t1", 


14 et 


It follows that : 


substituting TH = 64 ps, tr= 12 us, ts = 4.7 us (which 
are standard and constant values) into above 


on LE = 
equation : ae 6.23 


V.2.1.1 - Application 
At lc = 5uA=> Ip = 31 nA 
- With C27 = 220nF, AVs will be 


5x52 


14x 390 


=16mV 


which yields 0.8 % maximum error in black level 
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with respect to Vn = 2V at the beginning of retrace 
time 

- Due to transposition on amplifier stage, the black 
level voltage on pin 27 is equal to 2V. 

- In practice, at low amplitude video signals, it is 
recommended to insert a low-pass filter before 
the "C27" capacitor so as to attenuate the chro- 
minance sub-carrier and the noise components. 
The aim is to reduce the phase variations of the 
detected sync pulse and thus enhance the hori- 
zontal scanning stability. 


Figure 8 
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V.2.2 - Memorizing the sync pulse 50% value 


The objective is to memorize the voltage corre- ' 
sponding to 50 % of the line sync pulse Vsi by using 
an external capacitor connected to pin 26. 
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Figure 9 


The overall arrangement comprises two compara- 

tors. 

- Comparator C2 : delivers an output voltage "V1" 
by comparing Vs1 + Vp, V26 and the voltage drop 
across two resistors. 

- Comparator C3 : which delivers a constant output 
current thereby maintaining on capacitor "C26", 
the voltage Vso% corresponding to 50% of peak 
to peak sync pulse. 

During the line scanning, diode "D" is reverse bi- 

ased : Vsi + Vp = Vi < V26 and C3 will deliver a 

current Ip which will discharge the capacitor. 

During sync pulse interval, Vsi + Vp = Vp + Vb, 

diode "D" begins conducting and thus : 

Vi = (Vp + Vp) - (2 R is). Since the capacitor has 

been slightly discharged = Vi > V26, comparator 

C3 begins charging the capacitor until C2 is 

brought to equilibrium. At this time, 


Jule ._ V26—- Vo - VN 
1 =; where j= R 


thus V4 = Vp + Vp ~ 2R5 = Vp + Vn + 2Vp — Vo 


10/55 


204 


t 
91AN2028/29-09 


Vp +VN 
2 


and V1 = Vog © V2.6 = + Vp = Vs0% 


A high value C26 capacitor will thus memorize the 
voltage level corresponding to 50% of the line sync. 
pulse. 


V.2.2.1 - ; Ratio calculation 


During the line scanning period (Tu - Ts), the 
capacitor C26 will loose a charge equivalent to : 
Ip (TH - Ts). 
This energy must be recovered before the end of 
sync pulse such that : Ic - ts > Ip (TH - Ts) 
therefore Ic > Tuts Ic > 12.6 

Ip ts ID 
In practice, for C26 = 100nF, Ip = 25uA and 
Ic = 800A 
V.2.3 - Sync pulse detection 
This function is fulfilled by comparing the inverted 
video signal (Vsi + Vp) whose black level is con- 


stant at 2V, with the sync 50% voltage level on pin 
26. 


kyy, SiSottnenases 


Figure 10 


a 26 V50% 


Video at pin 27 


Line Sync. Output 
toward Phase Comparator 9, 


Comparator C4 will deliver the line sync pulse (LS) 
which will be used for 3 functions : 


- Horizontal scanning frequency locking : output to 
1 phase comparator. 


- Frame sync extraction for vertical scanning syn- 
chronization. 


- Detecting the presence of a video signal at circuit 
input. 

The LS signal in two latter functions is filtered for 
noise by using combination of current generator | 
and a zener diode equivalent to a capacitor. 

Using this extraction technique at a very noisy 
video signal yields remarkable display stability. 
The device also provides for scanning synchroni- 
zation at aerial signal attenuation of approximately 
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Frame Sync. 
Separator 


C On video 
Recognition Output 


Yili Uy 
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75cB, i.e. 15 to 20dB better than other sync pro- 
cessors. 


_ \.3 - First phase locked-loop stage "61" 


This stage is commonly called the first Phase 
Locked-Loop "01". 

Its duty is to lock the frequency and the phase of 
the horizontal time base with respect to the line 
sync signal. 


_In the absence of transmission (i.e. lack of line 


sync), the horizontal scanning frequency is ob- 
tained by dividing the output frequency of a VCO 
device. This VCO oscillates at approximately 
500kHz and uses a low frequency drift ceramic 
resonator. This method eliminates the need of hor- 
izontal frequency adjustment. 
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V.3.1 - Phase locked-loop "61" block diagram 


Figure 11 


By-32-Divider 
Stages 


Horizontal 


Frequency 


V.3.2 - Functional duty of individual blocks 

V.3.2.1 - Phase comparator 

The duty of this comparator is to issue an output 
current proportional to the phase difference be- 
tween din and dour. 

V.3.2.2 - Low-pass filter 

This filter suppresses the parasitic component con- 
taining the sum of phases, smoothens the phase 
difference component and determines the timing 
characteristics of the loop. 

V.3.2.3 - VCO centered on 500kHz 


Figure 12 


douT 


vo, Signal ! 
! 


1.26 vf --+ | 


Video Recognition 
Mute 
VCR 


VCR Mode 
Switching 
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This is a voltage-controlled oscillator which gener- 
ates an output frequency proportional to the volt- 
age applied to its input. 


This voltage is delivered by low-pass filter. 
V.3.2.4 - Divider stage 


It is used to divide the VCO frequency (500kHz) by 
32 so that it can be compared with the line sync 
signal frequency of 15625Hz. 


V.3.3 - Functional description of building blocks 
V.3.3.1 - Phase comparator "o17" 


Long @, Inhibition 
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The comparator is functionally equivalent to a signal multiplier. 
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Let’s assume that : 

its =| sin (Out + oN) 

and Vo1 = k cos (Ht + douT) 
then : 

._ its: 


nts, : [sind — Bou) + sin@oxt + bw + Pou) 


Figure 13 
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- the low-pass filter will suppress the 2fH frequency 
component 

- OIN - OoUT difference being low : 
SiN (IN - POUT) = OIN - OOUT 

- the output current will be therefore proportional to 
the phase difference between the signals com- 
pared. 

In other words, the average current over one period 

IS: 


t t 
iw xan (B+ at}-1(8—atlea At 


Figure 14 
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iav = gat and At = Abt 
TH OT 


The comparator conversion gain is thus : 


Later in our discussion we shall consider the two 
possible values of the current I. 


For the time being, let’s define these values as 
follows : 


- | = 500uA for "long time constant" or normal 
operation 

- |= 1.5mA for "short time constant" VCR mode or 
synchronization search (Mute). 


The values of A are therefore : 
- ALONG = 0.16 mA/rd 
- ASHORT = 0.47 mA/rd 


Use of comparator inhibition signal is quite useful 
under noisy transmission conditions. It eliminates 
risk of incorrect comparison during the line scan- 
ning phase which would be due to the noise present 
on LS signal. Horizontal phase and image stability 
are thus highly enhanced. 


Characteristics of this inhibition signal will be dis- 
cussed at the end of this chapter. 


V.3.3.2 - Low-pass filter 


- Its main function is to reject the 2fH (31kHz) 
frequency component delivered by the phase 
comparator. 

- It also defines the characteristics of the loop in 
transient mode. 

The filter is built around two sub-sections which 

determine the stability and the response time of the 

loop in the following modes of transmission : 

- Normal or VCR modes. See section V.3.6 "Dy- 
namic study of 61". 


VCO Stage 


> 


Comparator, 


ky S65 THOMSON 
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R is the dynamic input resistance of the VCO. 
The filter transfer function may be defined as fol- 
lows : 


V 


(p) = =Z(p) 


1+R1Cip 


ZO) ee 
1+p(RC + R1C1 +RCi) + RRICCip 


The second order terms of the denominator can be 
converted to first order products as a function of 
frequency as follow : 


Figure 15 


20 log |f| 


20 log R 


}0.14 Hz 
{ 
( 
Arg (z) t 
I t 
0 t u 


T 
2 


V.3.3.3 - VCO (Voltage Controlled Oscillator) 


Its function is to generate a frequency proportional 
to a control voltage issued externally, by the low- 
pass filter in our case. 


The period of the output signal is used as timing 
reference for various functions such as, horizontal 
and vertical time bases. The frequency range must 
be short and accurate : 


- It must be short since the power dissipated within 
the horizontal scanning block is inversely propor- 
tional to the line frequency. 

- The accuracy is required if the adjustment is to 
be omitted. 
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115.4 Hz 


.f 

1 + Fee 

fj) = a ae 
(1+ feo) 1 + beg) 


with Ri = 4.7kQ, R = 500kQ, C1 = 2.2uF, C = 10nF 
we obtain : 


1 
- fi = OaRICI = 15.4Hz 
2 ee a = 0.14Hz 
~ 2n(RC1+RC+R1C1) 
- 13 =3.43kHz 


(log scale) 


3.43 kHz 
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The basic arrangement is to employ a ceramic 
resonator (or ceramic filter) which has quite stable 
characteristics as a function of frequency. 

A filter whose resonating frequency is a multiple of 
line frequency (15625Hz) is to be selected. An 
example is 32 x 15625 = 500kHz. 

a. 503 KHz Ceramic Filter 

Figure 16 Figure 17 


Equivalent Circuit 


of} 
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APPLICATION NOTE 


Where: Figure 18 


Ri = 7Q, Li = 1.26 mH, C1 = 78 pF, CO = 507 pF 
- Series resonance frequency : 


1 
fs = OALIGI = 503kHz 
- Parallel resonance frequency : 


e CA 
fp = fs - 1+ 60 =540kHz 


- Tolerance within the resonance area : 
503kHz + 0.3 % 

- Temperature stability : 
+0.3 % of fo at AT = 100 °C 


Impedance |Z] (Q) 


Phase @ (Degrees) 
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b - Simplified Block Diagram of VCO 
Figure 19 


i % 
Comparator 4 |j2200 


C503 kHz 
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The overall arrangement is equivalent to a variable- Figure 20 
phase amplifier configured in closed loop with the 


ive fi Veo Phase 
external passive filter. 22 Pha 


Control 


The system will oscillate if the open-loop gain is 
OdB and if VOUT leads VIN. 


In closed-loop oscillating mode, the phase variation 
of Vis/Vin imposed by Vz22 will result in same 
Vout/Vis variation but of opposite sign. 


ill fi Vout 
This phase change will finally correspond to a | lbeaicaal Si ANOBRIDa AD 
change in frequency. 
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c. - Characteristics of the External Filter 

The ceramic resonator behaves as a capacitor at 
f < fs (fs : series resonance frequency) and as an 
inductor at frequencies falling between its two res- 
onance frequencies. 

Combined with a "R.C" network to generate a 90° 
phase lag, the overall arrangement will exhibit the 
following characteristics : 


Figure 21 


Voun/Vig (Degrees 
bVour/Vig (Degrees) 20 log OT 


Working Area 


Attenuation ~135° = y 


500 520 Frequency (kHz) 


440 Q 503 KHz 
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Thus, a variable (24° to + 135°) phase lead with a 
gain higher than 10 dB, must be implemented 
on-chip so as to enable the system to enter into 
oscillation. 
The frequency dead points correspond to the max- 
imum internal phase variations. This phase shift is 
controlled by voltage V22 whose value of 5.6V + 0.7 
is determined by two diodes. 
From the above Figure, the non-linearity of phase- 
frequency characteristics is clearly apparent. If lin- 
ear voltage-frequency response is required for a 
symmetrical gain of 61 loop, it would then be nec- 
essary to implement a non-linearity, on the phase 
control amplifier A4, but in the opposite direction. 
d. - Study of the Internal Amplifier 
Let’s study the gain and phase response of’ we 
as a function of V2. 
V20 = * where K is a non-linear coefficient 
To start with, the "Vc" voltage of comparator "A3" 
is taken as reference parameter. 
The dynamic representation of the output stage 
can be depicted as below (figure 22). 
, io 

: lo’ = -—_———_ (at f = 500kHz 

with : lo 1+ JoRiCi (at f = 500kHz) 
lo 


R1Ci@ = 1=> Ie ne 


Be Ae ee eee «Pre re 
jaC 


R1C1 network produces -45° phase lag of "i" with 
respect to "i2", around 500kHz. 


Vig=—R- (1 +1’2) 


i1 anp i2 calculation as a function of "Vin" on 
pin 19 


tor -~S1 Re _ 1200 _ 
- Al APN ay, =21 
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—|> 


dr : dynamic resistance = 
RO Napier ee 
P "Vso 2dro 54 
io Vs1_ fo 
& — =——x— = 0.395 =0.39 V 
Vin’ Vin Vsz mae . 


¢ io is in phase with Vin therefore : 
ig = -io = -0.39 Vin 


SON 
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Figure 23 : Vector representation of Vi8/VIN 


VOUT hase variation = f (V,) 


VIN 


Vig @ i4(max) 


-R(y tig) 


Ry +19) 
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- A3 Amplifier : 
ee ore Ved 
i =o-(i + z|e- 098 vi A + 


"Vin" always leads the "ii" by 180, only the ampli- 
tude of i1 is a function of Vc (See figure 23). 


: VOUT _ " 14(1 + jR1Ci@) + i2 
Vin 1+ j(Ri + R)Cio 
i Vc 

i1 = —0.39 Vin E - ur |e i2 = 0.39 VIN 


The following figure 24 illustrates the characteris- 

tics of Vi8/Vin phase versus Vc. 

- Phase variation determined by Vc falls between 
+24° and +135° range 

- The gain is higher than 10 dB. The pin 18 output 
signal of 30 to 40 dB has a rectangular compo- 
nent (See figure 24). 

e. - Characteristics of the non-linear Amplifier "A4" 

This is a differential amplifier whose equivalent 

feed-back resistors of emitters vary as a function of 

its input voltage. 


Figure 24 


6V19/Vin (Degrees) 
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Figure 25 : Vc = F(V22) 


Az=25mv/vV 


A=50mvV/V 
V20 (V) 


Ae 


300mV/V 
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Figure 26 : 
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The maximum output voltage swing is set by two 
"clamp" diodes connected to "V20" input. 


f. - Voltage-frequency transfer characteristics of © 
VCO 


The transfer characteristic is linear and centered at 
5.6V at 500kHz operating frequency. 
7 = 22.4kHz/V and once it goes 
through five divide-by-two stages : 

22.4 


T= “30 7 0.7kKHz/V 


- T transfer = 


Vig 
20 log —— (dB) 
VIN 
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Figure 27 
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V. 3.4. - "61" time constant switching 


When switching between stations or receiving sig- 
nal via a VCR, the loop locking interval must be as 
short as possible so as to avoid unwanted visible 
effect on the picture. In fact, since the synchroniza- 
tion between the VCR motor drive and the play- 
back head is rather imperfect, it will produce fre- 
quency and phase fluctuations in the output com- 
posite video signal. Under these conditions, phase 
locking interval must be "short" (VCR Mode). 


In the case of broadcast transmission, this loop 
must also filter all phase variations produced by 
noisy sync signal. In this case, its locking time 
constant must be "long" (normal mode). 
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In other "jungle" circuits, this time constant switch- 
ing is carried out by capacitor switching within the 
filter loop. In our case, this function is achieved by 
changing the current amplitude of the phase com- 
parator. 
This amplitude changing modifies the open-loop 
system gain and therefore the damping coefficient 
and the locking time constant. 
The device will be in short time constant mode 
under the following two conditions : 
- VCR Mode or SCART Connector Mode : 
This mode is enabled by a low state on pin 23. 
V23 < 2.1 V. 
- Transmitter search and tunning. 
In order to accelerate the capture, a "Video Iden- 
tification" stage will detect the presence or the 
absence of a video signal on input pin 27, and 
deliver accordingly a signal called "Mute". 


V.3.5 - Video identification stage 


This stage will detect the coincidence between the 
line sync pulse (if present) and a 2us pulse issued 
from the logic block. This 2us pulse at line fre- 
quency is positionned at the center of line sync 
pulse when the first loop "1" is locked. 

This sampled detection is stored by an external 
capacitor connected to pin 25. The video recogni- 
tion status is also available on pin 24 so as to 
enable Sound Muting during station search pro- 
cess and the inhibition of Automatic Frequency 
Tuning. 
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V.3.5.1 - Block diagram 
Figure 28 . 


The video recognition signal is delivered by a hys- 
teresis comparator. 


The recognition time "Tr" is adjustable by an exter- 
nal capacitor, as soon as 91 Is locked : 


; _jy 2HS 
Ic2s(av) = Ic x Ge ‘is 
and : 
- TR = Cos x Vi = 1.96 x 10° x Cos 


Ic25(AV) 
- with Co5 = 4.7 nF = Tr = 1 ms (which is clearly 
quite fast) 


Figure 29 
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V.3.6 - Characteristics of loop 61 


V.3.6.1 - Locking accuracy 
Let’s study the phase error "mouT - gin" under 
steady state conditions : 
The open-loop gain is : 
AB f 

- T(p) = =P) 

Where : 

¢ A=0.16 mA/rd (long time constant) 


¢ A= 0.47 mA/rd (short time constant) 
* B = 0.7 kHz/V or B = 4.4 10° rd/s 


1+ T1p 
Sfp) =h ss 
(P) = RX Gop) (1 + 9p) 
Where : 


¢ R = Dynamic input resistance of VCO. 
If a phase step of Ag is applied to the input, the 
following would be obtained as a function of (p) : 


A® 
a) So 
IN(P) = p 


Using the last value theorem : lim f(t) = lim p . f(p) 
Let’s calculate lim (@In — @ouT) 
p-0 


- The closed-loop gain is : 


sip eee Og 2 BENP) 2 Pome) 
1+T(p) p+ABf(p) in(p) 
eT - ieee A® 
that is oe (®in — Bout) seule SE ABTO) TABTO) ~ 0 


It is therefore deduced that the system can follow 
all input phase variations without producing any 
Static error. 

In practice, there will be a slight error due to the 
input bias current "Ip" of VCO, which is 0.55pA at 
fo = 500kHz. This DC current is delivered by a 
phase comparator which will generate a phase 
error of : 
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- long time constant : 


_ AO. -3 
= 0.55 x 575 =3.4x 10 rd 


Ip 
A®LONG = Aeonc 


or 35ns in At 
- short time constant : 


baie eons 
ASHORT 
These two errors cause a horizontal picture dis- 
placement. On a large screen of 54cm wide, this 
will be : 64 - 12 = 52us, which for both modes 
corresponds to a shift of : 


A®,_ONG-A®SHORT 
52 


It is obvious that such displacement can be fully 
neglected. 


ALINE = x 520=0.24 mm 


Response to a Frequency Step 
- The input phase is : Din(t) = Aot 


which as a function of (p) is : Bin(p) = Ao 
p 


- The accuracy is : 


AQ AW 
im (PIN Pout) = IN 5 + ABI) ABR 


where R = 500kQ at f(o) 


In this case, the phase error depends on both, the 
magnitude of the frequency step and the static gain 
ABR. 

In general, a which is the open-loop static gain, is 
taken into consideration. 


Figure 30 : On Screen Display of Time Constants 


_ = 4usshit 


= 


Normal mode 
Long time constant 


Where : 
N : number of lines required for phase correction 


A@ onAt 
A® = ao oe 2 


Ath a is | 
— AT ABIRX (B’ in kHz/V) 
¢ In normal mode : ALoNnG = 0.16 mA/rd 
= a = 5.5kHZ/us R= 500kQ 
¢ In VCR mode : AsHort = 0.47 mA/rd 


= a = 16.5kHz/us 


=A-2n-B’-R 


Note : ote capture range is specified within 
+ 500 Hz with respect to 15625 Hz. 


Numerical Example 

Let’s suppose that in VCR mode there is a fre- 
quency variation of + 100HZ, this will yield a phase 
variation of 0.1/16.5, i.e. + 6ns which, ona 54cm 
wide screen, will produce a horizontal shift of 
ALINE = + 0.06 mm ! 

Itis obvious that an excellent i image stability is thus 
obtained. 


V.3.6.2 - Dynamic study 

The loop response in transient mode is quite im- 
portant. It determines the overall system stability 
and the phase recovery time, which are imposed 
by the external filter "f(p)". 

The close-loop transfer function is equivalent to a 
second order system. These time constants are in 
practice displayed on screen by a bar delivered by 
a special pattern generator representing the phase 
errors. 

The following optimized results were obtained from 
filter f(p) connected to pin 22. 

Filter component values are : 

R1 = 4.7kQ, C1 = 2.2uF, C = 10nF 


one ~4 us 


VCR mode 


Short time constant 91AN2028/29-29 


n : number of lines required for the horizontal oscillator to fully stabilize 
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a. Long time constant 
¢ AtAt of 4us > N=18 lines, i.e. tlonG = 1.15ms. 
System oscillations are perfectly damped. 
Image stability with a noisy video signal is very 
satisfactory. 


b. Short time constant 
¢ AtAt= 4us => N= 5lines, i.e. tsHoRT = 0.32ms 
* n=5lines 

One should notice fast phase recovery, naturally 


Figure 31 
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followed by bounced oscillations due to the char- 
acteristics of a second order device. 

As given in application diagram section 6, an other 
alternative would be to use the following compo- 
nent values :R1 = 3.9kQ, Ci = 4.7uF, C = 15nF 


V.3.7 - Phase comparator inhibition 


The phase comparator is disabled under two con- 
ditions : 
- During frame sync pulse (see figure 30) 


Inverted Pulses for Frame Sync. 


Composit 
Syne. 


FrameSync. (FS) er? 
repeater ee 
(FRI) 


Frame Blanking 
S Inhibition 


Se ae 
Current 


ere Signal 
(FRI + FS) 
[VCR Mode] 


Inverting the line sync pulse contained within the 
video signal will provide the frame sync pulses 
required for the synchronization of vertical scan- 
ning. 

Since the current supply to comparator 1 is con- 
trolled by the line sync pulse, the comparator must 
be inhibited at the time of line sync inversions so 
as to avoid occurence of phase errors at the begin- 
ning of each frame. 


This inhibition is activated during FRI (Frame Re- 
trace Inhibition) issued by frame logic circuitry. If o1 
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is locked before the vertical scanning synchroniza- 
tion occurs, (e.g. when switching between chan- 
nels), and since FRI phase is not yet correctly 
positioned, the 1 must be further inhibited by FS 
signal which is the extracted frame sync pulse. 


- During line scanning (see figures 31 and 32) 


This inhibition will eliminate the occurrence of all 
possible phase errors due to a noisy sync signal or 
parasitics during the line scanning phase. It yields 
excellent display stability at noisy video signals. 
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Figure 32 
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Figure 33 : 61 Inhibition logic block diagram | 
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- 01 Inhibition in long time constant mode 
(VCR = 0) 
* SINH(LONG) = Mute . (FRI + FS + BLK . LINE:nu) 
and 
¢ SINH(SHORT) = 1 
Inhibition is activated during, frame sync, FRI 
and each time line trace interval - except at 
frame beginning between lines 8 and 21. 
- 61 Inhibition in short time constant mode 


(VCR = 1) Constant 
¢ SINH(SHORT) = Mute . (FRI + FS) = SINH(LONG) Ae b.92 ko bate 
In VCR mode, inhibition is disabled during line e jai 91AN2028/29-33 
trace since phase or frequency variations are 
not taken into account instantenously. the line logic circuitry at a period multiple of VCO 
period (x32). 
V.4 - Line saw-tooth generator 1.26 
Before going through a detailed study ofthesecond ° [C= K- IR=K--R 7 = 200u/A 
<4 


phase locked loop "2", let’s have an overview of le(Tu —t 
the line saw-tooth generator which has been mainly ¢ Vigpp = 'c(TH — lreset) 


implemented for 2 phase variations and also the Cis 
phase modulation of the switching power supply. _ Kx 1.26(TH — treset) _ 5 vay 
It uses the combination of an external capacitor R14 Crs 


connected to pin 13 and an internally implemented * VoE(SAT)T1 = 20 MV => Via(max) = 3.5V 
constant current generator to generate a saw-tooth 


voltage at line frequency. * In sync mode : 


Its frequency is determined by the reset frequency * TH = 64us, tRESET = 6.5us 
of the capacitor "C13". This reset signal is issued by *K=0.527+2% 
22/55 


AYI, BEScromone 


216 


V.5 - Second phase locked loop "2" 


This stage controls the horizontal deflection of the 
electron beam i.e., the horizontal picture scanning. 
The frequency of operation, in the absence of video 
signal, is a multiple of the VCO frequency, i.e. 
15625Hz - 500Hz. 

When video signal is present, the scanning fre- 
quency is synchronized with the video signal 
through the first phase locked-loop "61". 

The output rectangular waveform signal drives the 
line switching transistor. This transistor, when 
turned-off, generates what is commonly called the 
"line flyback”. 

In order to obtain a horizontally centered picture, 
the line flyback (LF) must coincide with the blanking 
time on tube cathodes. 

The turn-off delay is due to transistor base storage 
time. This time varies in different TV sets as the 
transistors employed may have different operating 
characteristics which are functions of temperature 
variations, power rating and base drive. 
Therefore, it follows that in order to obtain stable 
image centering, the line flyback must be phase- 


APPLICATION NOTE 


locked with respect to the video signal. 
The second phase-locked loop also offers the pos- 
sibility of horizontal phase-shift adjustment. 


Figure 35 
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Figure 36 : Second Phase Locked Loop " 62" Block Diagram 
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V.5.1 - Duty of different building blocks 
V.5.1.1 - "$2" Phase comparator 
This block generates a current proportional to the 
phase difference between the phase reference "2" 
and the middle of the line flyback to be phase- 
locked. 
V.5.1.2 - Low-pass filter 

* Rejects the parasitic component "sum of 

phases" 


AY, Besotecmoses 


Horizontal Phase 
Adjustment 


Transformer 


Line Deflection 
Stage 


¢ Smoothens the "phase difference" component 


¢ Allow "phase adjustment" by generating an 
error within the loop 


V.5.7.3 - Phase modulator 


Uses the line saw-tooth voltage to convert the 
voltage delivered by the low-pass filter into a phase 
corresponding to the line transistor turn-off control 
signal. 
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V.5.1.4 - Flip-flop At: | = 550 pA and TH = 64 us 
Generates the turn-off control signal for a constant wisi cCsen RINGO RELATE SIGE 1a RUBIES 
time (fixed by the external capacitor), the phase of Sime , P 
which is set by the modulator. REF” Current on pin 14. 
V.5.7.5 - Outout stage Figure 38 
¢ Delivers the contro! signal for line transistor 
driver 
¢ Disables the output during start-up and protec- 
tion phases 


V.5.1.6 - Line deflection stage 
¢ Generates the saw-tooth current for line yoke 
¢ Generates the high voltage required by picture 
tube and other supply voltages 
The line flyback information is provided by the EHT 
transformer 


V.5.2 - Operation of building blocks 


To provide an easier understanding of the subject, 
the "2" loop study will be covered as a function of 
various time intervals and not as a function of 
phase. 


V.5.2.1 - Phase comparator "02" | ae 
The operation is identical to that of "o1" loop. 1 

! 

! 


Video on 
Figure 37 ; Cathodes 
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V.5.2.2 - Low-pass filter f(p) 


The horizontal phase-shift adjustment is taken into 


: account : 
Filter F(p) 


Figure 39 


Constant Voltage 


Line 
Flyback 
(LF) 
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2 
The V2 signal issued by logic block is phased with Comparator 
respect to the middle of line sync pulse on pin 27 
and delayed by a 2.6 us interval so as to be at the 
middle of blanking time on video cathodes. 


The output current component "2fy" is levee by 
the low-pass filter. 


- The average current is i = sg 


Where : At = tin - tout 


- The conversion gain is therefore : aoe 


A= ae = = 17pA/us 91AN2028/29-38 
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- Filter V = f(i) transfer characteristic is given as : 

Vezire. K-Veco—-Z >: lin 

Where : 

1 
ZS Rin//Ri - 

¢ Rin, lin : modulator input characteristics 

In Dynamic Mode 
; V R’ 

-V=Zi>f(p)= = Z(p) = 1+m 

Where : 

¢R’=Rin//R (R>> Potentiometer P) 

*t=R’.C: Filter time constant 


The network behaves as a first order low-pass filter 
whose cut-off frequency at -3 dB is: 


f_3aB = —_ 
2nR’C 
Filter component values 
- R= 470kQ and C = 22nF 
¢ In practice, (K € [0,1]) Vcc = 12 V 
- Rin = 25MQ , lin = 0.65p:A (base input current) 
F_3db = 15.7 Hz with adjustment and 0.3Hz without 
adjustment 


V.5.2.3 - Phase modulator 

This is built around a comparator which converts 
the filter voltage to a rectangular waveform such 
that its rising edge phase, variable as a function of 
filter voltage "V", will trigger the line transistor turn- 
off control circuitry. 

The conversion gain is determined by the slope of 
the line saw-tooth applied to comparator. 


Figure 40 
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Figure 41 
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- Transfer characteristic is given by : 

At‘out — Atis 

ye B= 16.4us/V 

therefore te = B.V 
Let’s consider the delay interval between "tout" 
and the reference time "tin" 
where tout is the middle of line flyback : 

° tout - tin = to + ta + tt - tH 

Where : 

°t1 =4.3us 
(Reset for Viz and V2 are signals coming from line 
logic block and are synchronized on line sync.) 

*ta=2 to 15us 
(Delay between leading edge of output signal - pin 
10 - and the middle of line flyback) 

° tH = 64us 

* tout - tin = B.V + ta - 59.7us 
V.5.2.4 - Line flip-flop (TEA2028 only for TEA2029 
refer to Section VII.6) 
It generates a constant duration rectangular signal 
used to turn-off the line transistor. It is triggered by 
the rising-edge of the phase comparator output 
voltage and reset after capacitor on pin 1 is 
charged. 
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a. Block diagram 

"Vout" will set the flip-flop thereby allowing the 
capacitor "C1" to be charged by current "Ic" deliv- 
ered through current generator. The voltage across 
capacitor begins rising until it reaches "VRer”. At 
this time, comparator "C" is triggered, the output of 
which will in turn reset the flip-flop. The capacitor 
"C" is consequently discharged by current Ip - Ic. 


Figure 42 
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b. T10 Calculation 
C1-AVi C1: VREF 
lo = SS SS 
Ic Ic 
"Ic" is a fraction of "IREF" on pin 14 


=>T10=a-R14-C1=2.64 x R14x C1 
A 8S 740 = 20 
- 110 is independent from temperature and 
Vcc 
- a has a maximum dispersion of + 3% from 
device to device 
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Figure 43 


LL 


16 pst 


Set 
Window 


c. 164s Window 

This window is generated by the line logic circuitry 
and sets the maximum phase variations of the 
output signal "V0". 

Also, for protection purposes, should "Vi¢6" voltage 
equal "0", the output signal will be always present 
and have a maximum phase shift.of 16us with 
respect to the falling-edge of the line saw-tooth. 
d. Auto-set to "1" 

To provide protection, this function will trigger the 
flip-flop if the modulator is disabled, i.e. 
Vie > V13(MAX)- 


e. Maximum "Tio" value as a function of "C1" 
T10(MIN) : 16us(window) + 4us(auto set) = 20s 
= Ci(MIN) = 2.3 NF 


Ci.VrRer C1. VReF 


T : for 
10(MAX) ipmie Ic 


< 64us 

= T10(MAX) = 40uUS Ci (max) = 4.6 NF 
For normal operation, C1 value has to be chosen 
between 2.3nF and 4.6nF. 
If pin 1 is grounded, output signal (pin 10) is inhib- 
ited and goes high. 


OMSON 


ITT SS HOMSON 


V.5.2.5 - Line output stage & inhibitions 


Figure 44 


Logic 1 
for Security Ground 
at pin 28 
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¢ Open-collector output : Vioisat) < 1.5V at 
lyo(mAx) = 20MA 
The line output (pin 10) will go high if either the 
following three inhibitions is activated : 


a. Inhibition at start-up 

This is generated by a hysteresis comparator which 
is driven by "KVcc" and the "1.26V" reference 
voltage. 

This inhibition is mandatory since the device will 
operate only at Vcc 2 5 V. 


Figure 45 
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b. Inhibition during line flyback 


The output signal pin 10 is high during line transis- 
tor turn-off. The leading edge of output signal pin 
10 turns off the line transistor after a delay interval 
(storage time). 


The line transistor turn-off generates an overvolt- 
age on the collector corresponding to the line fly- 


hyy, BiSoltenicnes 


APPLICATION NOTE 


back pulse. During this interval, in order to avoid 
transistor destruction, the pin 10 output must ab- 
solutely remain high. 

This is done internally with the line flyback pulse 
(pin 12), which forces pin 10 output to high level 
during the line flyback time. 


c. Safety inhibition 

The device has a security input terminal "pin 28”. 
If a signal lower than VrerF (1.26V) is applied to this 
pin, line and power supply outputs are all inhibited. 
This function is particularly useful for TV chassis 
protection. Refer to section V.7.5 for further details. 


V.5.2.6 - Line deflection stage 

This chapter will cover a general description of the 
"horizontal deflection stage" employed almost 
commonly in all recent TV sets. 

Deflection of electron beam is proportional to the 
intensity of magnetic field induced by the line yoke. 
This yoke is equivalent to an inductor. The deflec- 
tion is therefore proportional to the current through 
inductor. 

In order to obtain a linear deflection from left to right 
as a function of time, a saw-tooth current must be 
generated within the yoke. The approach is to 
apply a switched DC voltage to the line yoke. 

- When K is closed : 


ae = a 
in) = — (1 —-@ L) 
ry 
- = is always higher than half of trace time : 
y 


ttrace TH — {LF 
2 2 2 
Figure 46 
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- "iL" variations as a function of time : 


di, E _m@ E L 
=7e Pet [torte 


The current will therefore be linear as a function 


of time ix(t) we -t from "ti" to "te" which is the 


L 
second portion of the line trace interval. 
- Current at the end of trace : Iv == THRGE 


- Energy stored within inductor : W =3 -Le lh 


If the switch is opened at t = te, the "L.C" combi- 
nation will enter into oscillation, the energy stored 
within inductor is transfered to the capacitor, 
which will return it to the inductor and so on. 


The circuit period is classically given by : 
T=2n- VLC 


If "K" is closed at time "ts", the inductor will once 
again have a voltage "E" across its terminals. The 
current falls linearly until "ta". This phase corre- 
sponds to the first half of line trace interval. 


The overvoltage across C is: 


Vo=E ae +E 

during tte = nVLC 

Thatie poe ee ee 
2tLF 

In practice, E is higher than 100V. 

- tTRACE = 52uUs 

- ttf =12us 


= Vp = 780V 


Note that this overvoltage is almost 8 times higher 
than the source voltage "E". This overvoltage is 
applied to the primary winding of a "step-up trans- 
former" (EHT Transformer) in order to generate the 
high voltage required by picture tube anode. 


In practice, the power switch "K" is built by a 
combination of "High Voltage Switching Transistor" 
and "Fast Recovery Diode". 


Figure 47 
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Figure 48 : Simplified diagram of the horizontal deflection stage 


EHT 
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Coupling 
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If considered in average value, it is seen that the 
voltage across capacitor "CS" is almost equal to the 
source voltage "E". The saw-tooth current through 
this capacitor will produce a parabolic ripple around 
"E", which will thus modify the equivalent source of 
the line yoke and induce a modified current of "S" 
shape within the yoke. This "S" current is used to 
produce a linear picture as a function of the picture 
tube geometry. 


The basic arrangement can be reconstructed by 
assuming that the equivalent inductor "L" is the 
transformer "Lp" and line yoke inductors put in 
parallel (since VC syav) = E). 


The output pin 10 of TEA2028 is applied to a 
matching stage called “line driver" the output of 
which drives the power transistor "T;". The match- 
ing stage is necessary for optimized base drive. 


At middle of trace, the transistor enters into satura- 
tion and its current rises linearly. V10 will then issue 
a control signal to turn the transistor off. The tran- 
sistor will be in fact turned-off after a delay interval 
"ts" (storage time) varying from 2 to 8 us depending 
on application. The system will then enter into 
oscillation during its half-period thereby generating 
the line flyback. At the end of flyback time, the line 
yoke current is negative while the voltage across 
capacitor "C" has fallen to zero. The energy transfer 
automatically takes place by the recovery diode 
during the first portion of trace time. 
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Also, it is clear that the line scanning phase with 
respect to video signal is determined by the rising- 
edge of pin 10 output signal. 


High level duration (T10) of pin 10 output signal 
Figure 49 
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must be higher than the delay interval "ts(max)" + 

the flyback time (i.e. 8 + 12 = 20us) and must 

turn-off before the end of diode conduction : 

{TRACE 
2 


T10 < ts(miny + tLe + =< 40us 


In practice, one will select the pin 1 capacitor 

Ci = 3.3nF to yield 110 = 29us. 

V.5.3 - Characteristics of loop "o2" 

The function to calculate is a time with respect to 
the origin time set by "V@2". In fact, itis an easy task 
to inter-relate the horizontal displacement (in mm) 
to a time interval specified in ps. 

For a large screen width of 540 mm, the horizontal 
scanning time :64 - 12 = 52us, which corresponds 
to := 10mm/us. 


Figure 50 


© i =A. (tin - tour) (1) 
*V=Z-i+4-K-Voo-Z- In (2) 
* touT-tin=B-V+tg—59.7ps (3) 
R’ 
e Z = 
1+ 7p 
°R’=Rin/R 
© A=17pA/us 
*t=RC 
¢B=16.4u1s/V 
The open-loop dynamic gain is : 
 T2AB) = ABS (4) 
1+ 7p 


The system exhibits the characteristics inherent to 
a first order circuit and is therefore stable. 
combining equations (1), (2), (8) and (4), the tout 
delay is found as follows : 


Z 
B—-KV 
reare=try — BZUN , = 59-7us_ | RS 
= TIN — ieee Sele ee 
ee ny ae 14+7 1+7 
Dynamic — Error Error term Error term 
gain termdue due to due to phase 
=7 to the delay shift 
input adjustment 


current (if applicable) 


w line 
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It is therefore clear that the second phase-locked 
loop does not cause any dynamic delay. 
This can be explained by the fact that the phase 
modulator responds instanenously to all variations 
of "o2". 
V.5.3.1 - Study of the Static Error 
tin = 0 (phase of V2) is taken as timing reference. 
The equivalent impedance of F(p) filter is : 
¢ R’=460kQ (R//Rin) : if an adjustment is applied 
to pin 16, or 
¢ Modulator input resistance RIN = 25MQ : with- 
out adjustment 


a. Phase shift error in case of no adjustment 
Equation (5) becomes : 


One BRinliIn tp — 59.7us 
14+ 74 147; 
with : T1 = ABRin 
Where : 
¢ Rin = 25MQ tout = - 46ns 
¢ lin=0.65mA which 
¢ t4=10us corresponds to a 
- T1=6.8x10°=76dB | picture shift of 
0.46 mm! 


The error is quite negligible and thanks to rather 
high open-loop gain, the display accuracy with 
respect to the phase set by "2", is very satisfactory. 
b. Study of shift adjustment 


With R, P network connected to pin 16, the tout 
becomes : 


R’ 
_=BR'In , to-59.7us PR KYOC 
ON aa 16 1+Te 1+T2 
With : T2 = ABR’ (where R’ = R // Rin) 
and K € [0;1] 


Substituting the following values into above equa- 
tion : 

°R=470kQ 

¢ R’ = 470kQ // 25MQ = 461kQ 

- A= 17x10° A/us 

-B=16us/V 

etd =10us 

© T2=125 

° Vcc = 12V 
tout = - 38ns - 390ns + 1.5.1sxK 


therefore tout = 1.5xK - 0.43 (in us ) 

If K varies between 0 and 1 

=> tout [- 0.43ms to 1.07ps] 

which corresponds to a picture displacement of : 
AuNe [- 4mm to + 11mm]. 
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Shift variations as a function of Vcc 
(with adjustment) 


R’ R’ 
dite. Re 
dVcc 1+ To ~ To AR 
dL 


= Kx0.12us/V 5 dVcc Ose ny 


at KnominaL = 0.28 


Therefore, a constant Vcc must be applied to the 
potentiometer. 


V.6 - Vertical deflection driver stage 


This stage must constantly drive the vertical spot 
deflection. Such deflection will horizontally scan the 
screen from top to bottom thus generating the 
displayed image. Similar to horizontal deflection, 
the vertical deflection is obtained by magnetic field 
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variations of a coil mounted on the picture tube. 


A saw-tooth current at frame frequency will go 
through this coil commonly called "frame yoke". 
Frame period is the time required for the entire 
screen to be scanned vertically. 


C.C.I.R. and N.T.S.C. TV standards require respec- 
tively 50Hz and 60Hz Frame Scanning Frequen- 
cies. Also, a full screen display is obtained by two 
successive vertical scannings such that the second 
scanning is delayed by a half line period with 
respect to the first. 


This method increases the number of images per 
second (50 half images/s or 50 frames/s in 50 Hz 
standard). This scanning mode called "Interlaced 
Scanning” eliminates the fliker which would have 
been otherwise produced by scanning 25 entire 
images per second. 


Figure 51 : Block Diagram of the Vertical Deflection Stage 
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The circuit will generate a saw-tooth voltage which 
is linear as a function of time and called "frame 
saw-tooth". A power amplifier will deliver to the 
"frame yoke" a current proportional to this saw- 
tooth voltage. It is thus clear that this saw-tooth 
voltage reflects the function of the vertical spot 
deflection; which must itself be synchronized with 
the video signal. Synchronization signals are ob- 
tained from an extraction stage which will extract 
the useful signal during line pulse inversion of the 
composite sync signal. 

Synchronization occurs at the end of scanning, in 
other words, when the saw-tooth voltage at pin 5 is 
reset. This function is accomplished by the "frame 
logic circuitry” of full digital implementation. 

This processing method offers various advan- 
tages : 

- Accurate free-running scanning frequency 
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eliminates the frequency adjustment required by 
previous devices. 


- Digital synchronization locked onto half line 
frequency thereby yielding perfect interlaced dis- 
play and excellent stability with noisy video signal. 


- Automatic 50/60 Hz standard recognition and 
switching the corresponding display amplitude. 


- Optimized synchronization in VCR mode. 


- Generation of various accurate time intervals, 
such as narrow "sync windows" thus reducing 
considerably the vertical image instability in case 
of for instance, mains interference, superimposed 
on frame sync pulse. 


- Generation of vertical blanking signal for spot 
flyback and to protect the picture tube in case 
of scanning failure. 
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V.6.1 - Frame sync extraction 


The main duty of this stage is to extract the frame sync pulses contained in composite sync signal. 


Figure 52 : Sync extractor block diagram 
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Two current generators are used to charge and 
discharge the integrated capacitor "C". The dis- 
charge generator (Ic + Ip) is driven by the compos- 
ite sync signal. 
ID - tsYNc 

C 
During frame trace, the capacitor is discharged at 
each line sync pulse thereby generating a AV of 
-0.94V with respect to 5.6V and then recovers the 
charge by current "Ic". The comparator output re- 
mains low. 


The AVc across capacitor is : — 


V.6.2 - Frame saw-tooth generator 


Figure 53 


l 
I 
I 
I 
! 
a 


The frame saw-tooth is generated by an external 
RC network on pin 5. 

The time constant "R5 x C5" is much higher than 
the frame period. Therefore, the generated saw- 
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The discharge time is 27us at the first line sync 
inversion applied to comparator input. The voltage 
"Vc" then falls from 5.6V to 0.2V and triggers the 
comparator "Co" which will deliver a frame sync 
pulse when "Vc" crosses the 2.8V level. 

The overall arrangement behaves as an integrator 
and will therefore suppress any noise susceptible 
to be present on input signal. 

An external capacitor pin 20 can be added to the 
integrated capacitor C to increase the frame sync 
time constant. 


Frame Saw-tooth 
Output 
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tooth is quite linear. 
The network is discharged by an internal transistor, 
controlled by the frame logic block. 


SON 
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Figure 54 


V.6.2.1 - 60Hz STANDARD SWITCHING 


The NTSC standard requires a vertical picture 
scanning frequency of 60HZ, i.e. a saw-tooth period 
of 16.66ms. 


In order to obtain an identical deflection amplitude 
whatever the standard (50 or 60HZ2), the saw-tooth 
amplitude for both periods must be the same. 


60Hz standard recognition is performed automati- 
cally by the frame logic block, which will issue a 
signal to drive a current generator "Algo". This 
current will be summed with the external charge 
current and will increase the saw-tooth slope, so as 
to yield same saw-tooth amplitude to that set in 
50Hz standard. This current is centered around 
14uA and is a fraction of IRer applied to pin 14. 


Employing the recommended component values 
for network connected to pin 5, this current will 
result in identical amplitude in both standards. 


_ leoX Teo _ I50 X T50 


AV5 Sse we a4 ois 


Cs Cs 50 
E 200V 
I50 R.- 27MO~ 74uA = Igo = 88uA 


therefore Algo = 14yA 
V.6.3 - Functions of frame logic block 


This section is fully implemented by PL logic gates. 
It is clocked by an accurate "H/2" clock running at 
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half line period (32us). The required periods and 
time intervals are obtained by counting the clock 
pulses. 

For the sake of clarity, timing signals so obtained 
are labeled by the line number corresponding to 
video signal. 


The time corresponding to "x" scanned lines with 
respect to the beginning of frame saw-tooth 
(RESET) is therefore : 


tx = 64s (x - 1) + 32us 
Figure 55 
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Figure 56 : Block Diagram 
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V.6.3.1 - 50/60 Hz Standard recognition 

This function is performed by two shift registers 
which are loaded by sync pulses (if present) and if 
these pulses fall within the time interval specific to 
each standard. These intervals are called "Register 
Windows" and labeled "WR(50)" and Wr(60). 


Figure 57 
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16.66ms 


a. 50 Hz Standard Recognition 


This identification is considered valid if two sucess- 
ive sync pulses applied to 50 Hz shift register fall 
within the 50Hz window "WpR(50)". At the time of 
synchronization capture, the first pulse will reset 
the counters. The second pulse, if present, will 
then trigger the 50Hz identification 20ms later 
[Ip(50) = 1]. 
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The identification is not valid if two sucessive 50Hz 
pulses are not detected. Identification signal is also 
used to reduce the vertical synchronization window 
in 50Hz standard thereby offering excellent noise 
immunity against noise susceptible to be present 
in sync signal and hence good display aoe: 


b. - 60 Hz Standard Recognition 


This identification is validated after three sucessive 
sync pulses at 16.6us period have been detected. 
Three pulses are necessary to ascertain the iden- 
tification prior to switching the saw-tooth amplitude. 
The identification signal [lp(60) = 1] is also used to 
reduce the synchronization window and, in case of 
one or two missing pulses close to 60Hz, to set the 
free-running frequency. 


V.6.3.2. - Vertical synchronization window - Free- 
running period 


In the absence of sync pulse various free-running 
periods are specified. Since vertical scanning must 
be always active, these free-running periods must 
be higher than those of 50 and 60Hz standards so 
as to ensure synchronization. 

An other window, allowing synchronization only at 
the end of scanning, is also necessary. Upon syn- 
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chronization, this window will allow vertical flyback 
only at the bottom of screen. This window should 
be narrow for good noise immunity but also wide 
enough to yield, upon synchronization, a capture 
time unperceptible on screen. 

In our case, as long as no standard identification 
takes place the window will remain wide, and once 
one of the standards has been identified, the win- 
dow will be considerably reduced. 


In VCR mode, this windowwill be always wide since 


APPLICATION NOTE 


frame frequencies delivered in high-speed search, 
slow review and picture pause modes are very 
much variable and must be taken into consider- 


_ation. 


Inthe absence of transmission (Mute = 0), synchro- 
nization is disabled (so as to avoid incorrect syn- 
chronization due to noise) and the free-running 
frequency is around 50Hz. This will eliminate the 
occurrence of picture overlay at the end of trace at 
a lower free-running frequency. 


Figure 58 : Definition of Synchronization Windows and Free-running Periods 
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Maximum capture time 

The worst case capture time occurs when the first 
sync pulse just precedes the sync window. 

Let’s find the number of periods necessary for the 
capture to occur, i.e. tn = 0. 

TL- Tw 
~ TL-Tsyne ’ 
¢ 50Hz : the number of periods is 6 

= TCAPTURE(MAX) = 120ms 
¢ 60Hz : the number of periods is 3 

= TCAPTURE(MAX) = 90ms 


, tL =23ms, Tw=/7.3ms 
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Figure 59 
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V.6.3.3 - Frame blanking signal 


This signal is necessay to blank the display during 
each frame flyback. It is triggered at the beginning 


Figure 60 


First Frame 


Second Frame 


Frame Blanking 
(pin 4) 


of frame saw-tooth flyback. The duration of this 
signal is 1.344 ms (or 21 lines). 


YT 


<—_—_————_——— 1.344ms. ————— >} 


(21 lines)* 


* 24 lines for TEA 2029 


This "frame blanking" signal is available through 
pin 4 (TEA2028 only) which is an open-collector 
output. . 

It is also present within the normalized super 
sandcastle signal on pin 11 (TEA2028 and 
TEA2029). 


V.6.3.4. - Frame blanking safety ( TEA2028 only, for 
TEA2029 refer to section VII.5) 


Figure 61 : Block diagram 
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Its duty is to protect the phosphor coating of picture 
tube in case of any problem with vertical deflection 
function such as scanning failure. 


A signal to monitor correct scanning is provided by 
the frame yoke and applied to pin 2. 

In case of any failure, all frame blanking outputs are 
disabled and go high thereby blanking the entire 
screen. 


Frame Blanking 


v2 | 
(1.26V) ==42=F= 
{ 


| 
Frame 1 
Yoke | 


Current 


During trace phase, the voltage across frame yoke 
has a parabolical shape due to the coupling capac- 
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itor in series with yoke. During frame flyback, the 
current through frame yoke must be rapidly in- 
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verted. Conventionally, a two-fold higher supply 
voltage is applied across the yoke. This will pro- 
duce an overvoltage called "flyback". 

The safety monitoring status is detected on the 
falling-edge of flyback, i.e. at the beginning of 
scanning. A differentiator network is used to trans- 
mit only fast voltage variations. 

The required pulse is then compared to 1.26 V 
level. Frame blanking goes high in the absence of 
negative pulse (zero deflection current) or if the 
pulse does not fall within the first 21 lines (ex- 
agerated over-scanning). 


V.7 -Switching power supply driver stage 


Switching takes place on the primary side (mains 
side) of a transformer by using TEA2164 SMPS 


V.7.1 - Power supply block diagram 
Figure 62 
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APPLICATION NOTE 


Controller manufactured by SGS-THOMSON 
Microelectrics. 

Required voltage values are obtained by rectifying 
different voltage outputs delivered through second- 
ary windings. The horizontal deflection stage is 
powered by one of these outputs delivering around 
hundred volts. 


This voltage source must be regulated since any 
voltage fluctuation will yield variations of the hori- 
zontal display amplitude. 


The TEA2028 monitors this voltage and transmits 
the regulation signal to the primary controller cir- 
Cuitry via a small pulse transformer. The character- 
istics of this regulation signal are directly related to 
the conduction period of switching transistor. 


= 
poooao=- 
| 


Line 
Saw-tooth 
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V.7.2 - General operating principles 


A fraction of the 135V output voltage to be regu- 
lated is compared to the 1.26V reference voltage. 
Resulting error signal is amplified and then applied 
to phase modulator "Mi", which will deliver a 
square waveform at line frequency whose duty 
cycle depends on the value of input voltage "V9". 


Asecond phase modulator "Me" will determine the 
conduction period as a function of voltage on 


pin 15. This function is mandatory for system start- 
up. 

A 28us window is used to limit the conduction 
period of the primary-connected transistor. 


Supply output (pin 7) and line output (pin 10) will 
be disabled if any information indicating abnormal 
operation is applied to safety input (pin 28). Con- 
sequently, all power stages are disabled and the 
TV set is thus protected. 


V.7.3 - Electrical characteristics of the internal regulation loop 


‘Figure 63 


The phase modulator implemented by a simple 
transistor "T1" will compare in current mode, the 
image of amplified input (i1) with saw-tooth current 
(i2) at line frequency. With "i2" rising, as soon as the 
sum of "i1 + i2 - Ipc" goes positive, the transistor 
enters into saturation thus determining the output 
conduction period. 


A low-pass filter implemented by combination of a 
100pF capacitor and the input impedance of tran- 
sistor "Ti", attenuates all frequency variations 
higher than the line frequency. 


¢ Input Amplification : 
— diy 


* Modulator conversion gain : 


B our = -0.558ys/1A 
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¢ Overall gain of the internal loop : 


OUT <4 Susi so sd ke) 
dVin Af 
1 aera 


Figure 64 : Conduction period (pin 7) versus 
Input voltage (pin 9) 
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SMPS WAVEFORMS 

For discontinous mode "flyback" configuration 
The primary-connected transistor is turned-off dur- 
ing the line flyback. 

All interference signals due to switching and sus- 
ceptible to affect the video signal will not therefore 
be visible on screen. 


Figure 65 
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Regulation Characteristics . 


The following characteristics have been measured 
on a large screen and yield excellent results : 
¢ 135V voltage regulation as a function of mains 
voltage : better than 0.5% for mains voltage 
variations of 170VRus to 270Vrms (P = 60W at 
135V) 
¢ 135 V voltage regulation as a function of load : 
better than 0.5% for a delivered power of 35W 
to 120W. 
This type of power supply offers the following ad- 
vantages : 
¢ Overall efficiency enhancement : better than 
80% 
« Reduction of interferences by synchronization 
on horizontal frequency 
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APPLICATION NOTE 


¢ Full protection of the primary-connected transis- 
tor in case of short-circuit or open-load on sec- 
ondary terminals 

¢ Can provide 1W to 7W, for TV standby mode 
operation (refer to TEA2164 application note). 


V.7.4 - Power supply soft-start 


When the TV setis initially turned on, control pulses 
are not yet available and consequently the control- 
ler block on primary side will impose a low-power 
transfer to the secondary winding. This power is 
produced by an intermittent switching mode called 
"Burst Mode". 

As soon as the Vcc supply to TEA2028 exceeds 
6V level, line and SMPS outputs are enabled. Since 
the filtering capactitors on secondary side cannot 
charge up instantaneously, the voltage to be regu- 
lated would not yet be at its nominal value. Without 
conduction period limitation upon start-up, the de- 
vice will set a maximum cycle of 28us which will 
result in a high current flow through the primary 
winding and thus through the switching transistor 
which will in turn activate the protection function 
implemented on primary side. 

Consequently, the primary controller block will be 
inhibited and the set will not turn-on. 

A start-up system has been implemented within 
TEA2028 to overcome this problem. 

This soft start system, will upon initial start-up, use 
the image of the falling voltage on pin 15 to increase 
progressively the conduction cycle. The phase 
modulator "M2" compares this voltage with line 
saw-tooth voltage and delivers the corresponding 
limitation cycle. 

During supply voltage rising cycle [Vcc (pin 8) 
< 6V], the capacitor pin 15 will charge up rapidly 
while the voltage across it follows Vcc. 

At Vcc 2 6V, the capacitor is discharged via an 
internal current generator and the voltage across it 
decays linearly. 


_ At Vis < 3.5V (line saw-tooth peak-to-peak volt- 


age), phase comparator "M2" delivers a low con- 
duction period which will gradually increase. 

The conduction period (pin 7) will rise until the 
secondary voltage reaches the value set by poten- 
tiometer "P". When this occurs, the loop is acti- 
vated. 
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Figure 66 
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The pin 15 discharge current value is 100yA for a Conduction period limitation voltage (pin 15) 


duration of 2us line frequency. Ton(Lim) = 56s - 16 x Vis (in ps) 
/ 3 V.7.5 - Protection features 
Therefore Ipcav) = 100 x — =3.1nA As soon as a Safety signal (V < 1.26 V) is applied 
64 to pin 28, line and supply outputs (pins 10 and 7) 
Figure 67 are both disabled. Capacitor "C15" begins charging 


up until the voltage across it reaches 4 V (Kx Vcc). 
Outputs are again enabled and conduction period 
gradually increases as it occurs upon initial start- 
up. 

The device will be definitively inhibited if the cycle 
1.75 3.5 of events is repeated 3 times. 

PIN 15 VOLTAGE For the device to restart, the internal 3-bit register 


(V) should be reset which requires the Vcc to fall below 
91AN2028/29-66 AV. 
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Figure 68 


PIN 28 
VOLTAGE 


PIN7 
VOLTAGE 


PIN 10 * 
VOLTAGE 


Pin 15 charging current : Iccav) = - Ip(avy = - 3.1HA 
V.7.6 - TV Power supply in standby mode 

V.7.6.1 - Regulation by primary controller circuit 
This mode of regulation called "Burst Mode" is 
performed only by the primary controller circuit and 
is activated in the case of missing control pulses or 
in the absence of power supply to TEA2028. 

In this mode, power available through secondary 
winding is limited. Refer to TEA2164 Application 
Note for further details. 

Higher powers can be obtained by using the regu- 
lation feature offered by TEA2028. In this case, the 
horizontal output (pin 10) must be disabled. 


Figure 69 
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V.7.6.2 - Regulation by TEA2028 


In this case, all that is required is to disable the line 
scanning function thus reducing the overall power 
by 90%. 

The device power supply regulation loop remains 
active, for minimum conduction period to be 1.5 ms 
the power delivered through secondary must be 
higher than 3 W. 


Line Output Inhibition 

Two alternatives are possible : 

- Grounding flip-flop pin 1 

- Apply a voltage higher than 3 V to pin 12. 


Standby 7 


Line Inhibition 
(Standby Mode) 
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V.8 - Miscellaneous functions 


V.8.1 - Super sandcastle signal generator 

This signal used in video stage, is available on pin 

11. 

It has 3 levels at specified time intervals : 

° 2.5 V level 

Used for vertical blanking at each frame flyback. 
Its duration is 21 lines and is generated by the 
frame logic. 
This level will be maintained if vertical scanning 
failure is detected on pin 2. 


Figure 70 
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SUPER 
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° 4. 5V level 


Used for horizontal blanking, its duration is de- 
termined by comparing the line flyback signal 
on pin 12 to an internal voltage of 0.25V. 


¢ 10 V level 


This signal is used by color decoding stage. Its 
duration of 4us is determined by line logic cir- 
cuitry. With respect to the video signal on pin 27, 
this level is positioned such that it is used to 
sample the burst frequency transmitted just 
after the sync pulse. 
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V.8.2 - Video and 50/60Hz standard recognition output 
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A 3-level signal is available at pin 24 for video identification (Mute) and for 50 and 60Hz standards 


recognition. 


Figure 71 
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APPLICATION NOTE 


Vil - TEA2029 : DIFFERENCES WITH TEA2028 


ViI.1 - General 


The TEA2029 has quite the same functions com- 
pared to TEA2028. 


The main difference is that the TEA2029 incorpo- 
rates a frame phase modulator intended to won 


VII.2 - Pin by pin differences 


vertical stage failure). 


Safety input 


outputs when V23 > 1.26V) 


44/55 


238 


} Pin number | TEA2029C TEA2028B 


Differential inputs of the frame error amplifier 
(including frame blanking safety in case of 


Vertical blanking output 
pe Frame output for thyristor contro! (21 lines duration) 
10 Horizontal output Horizontal output 
(26us typ. duration) (duration is adjustable) 
11 Supersandcastle output Supersandcastle output 
(with a frame blanking duration of 24 lines) (with a frame blanking duration of 21 lines) 
12 Negative horizontal flyback input 
(115 Vpp through a 47 kQ resistor) 
Positive AGC key pulse output Capacitor for frame sync. time constant 
(low level when no video) adjustment 


(inhibition of SMPS, Horizontal and Frame 


with a switched mode vertical stage using a thyris- 
tor. 


The TEA2029 can also be used with a linear vertical 
power amplifier such as the TDA 8170. 


Capacitor for horizontal output duration 
adjustment 
(29s typ. with c1 = 3.3nF) 


Vertical blanking safety input 


era horizontal flyback input 
(10Vpp through a 47kQ resistor) 


Safety input 
(inhibition of SMPS, Horizontal outputs when 
Vos < 1.26V) 


AYA, SiSounerrowes 


APPLICATION NOTE 


VII.3 - TEA2029C Pin connections 


[Pinnwmber [Cargo 
8 iPowerGond SS SSCSC—~“—SSSCS 
ane 
a 
4 
90 
a 


SMPS control output 
VCC Supply voltage 
SMPS regulation input 


[2 Horconartibeckinpst SSCS 
[78 [Horiontalsewioohgsrerioy——SSSCSCSC~“~*~S~S~S~S 
[44 [eurentierece—SSCSCS~C~—SCSCS 
[75 sites sorta andsateytineconsiant SSS 
[18 [w2 pase compartor capaci end horzortalphase adisimen) 
[ar [veo pase shiner 
a 
18 [Moin OSCSCS—SC“‘“S*~S™SC~S 
[a [aac keypuseount SSCS 
[at SibstateGrond —SSSCSC~C~—SsS~—S~S~—S 
[a2 [wt pase comparsorcapacton——SSCSCSC~S~S 
ps [Wor wictnginpor——SSCSCSC~—~—CSS 
24 [Vieo na snore onieton ouput) 
[25 [Wieoidenifcaioncapacior SSCS 
28 | Forni sync detection capactor 60% ofpeakiopeakamrelevey 
ar ideo SSS 
pe Sater SOS 


Package : DIP28 
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APPLICATION NOTE 


VII.4 - Frame phase modulator 


The Tranconductance Amplifier "A1" converts the 
differential input voltage into two output currents 
"154" and "I93". 


¢ Ai transconductance = Nig 10nA/mV 
Ise 
¢ B transconductance = we 40nA/V 
oo CN 
¢ Transfer characteristic = tour = 6.4us/mV 
AVIN 


The filter time constant is maximum near the oper- 
Figure 73 
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ating point when Is1 = Ise 
In this case : 

¢ The base current of Ti = "Ise - Isi" 

¢ The filter band-pass = 15kHz 
The maximum conduction period of "40us" is de- 
termined by the horizontal logic circuitry. 
The frame frame flyback is detected by transis- 
tor "T3". 
There is no feed-back during frame flyback and 
"Is3" is maximum (higher than 14) which will drive 
the "T3" into conduction. 
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age | sv 
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APPLICATION NOTE 


VIL5 - Frame blanking safety 


- During trace : Is3 < l4 = T3 is blocked. sandcastle low level remains constant at 2.5V so 
- During flyback : Is3 > l4 = T3 conducts. as to protect the picture tube in the absence of 
In the absence of flyback detection or if the flyback frame scanning. 

interval is longer than the blanking time, the 


Figure 75 : Frame Blanking Safety Block Diagram 
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¢ "IF" signal is delivered by Frame Error Amplifier (see Frame phase modulator figure) 
¢ IF is high during the Frame Flyback interval 


Figure 76 
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VII.6 - On-chip line flip-flop 
Figure 77 
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Safety 
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eewete Tio = 35 x Tvco-K- R14- C13 


=70x 10°-4R14-C13 
Where Tvco is the Vco period of oscillation on 
pin 18. 
- If in synchronized mode : 


° Tvco = 2us 
© R14 = 3.32kQ 
© C13 = 3.3nF 


26s 


91AN2028/29-77 ThereforeT10 = 26us (nominal value) 


AQMAX = 1611S 


ViI.7 - AGC key pulse 


Figure 79 


VIDEO SIGNAL 


Without 


——Video Signal 
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As illustrated below, this signal is used in some the video signal amplitude. 
TV sets to perform sampling window for Automatic 


Gain Control of picture demodulation network. Us Slane dene! atee Dye OUI Cy CHIN e Cor. 


rectly positioned by the first phase locked loop "61" 
This system is called "clamped" AGC, and locks the and includes the line sync pulse of the video signal. 
demodulated line sync amplitude and hence sets This is an open-collector output. 
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Vill - APPLICATION INFORMATION ON 
FRAME SCANNING IN SWITCHED MODE 
(TEA2029 ONLY) 


Vill.1 - Fundamentals 


The secondary winding of EHT transformer pro- 


Figure 80 : Block diagram 


—_ on ow an rem er ee oe es ew ow Se ee ey 


TEA 2029 


Horizontal 
Saw-tooth 


“ [> 


Vill.2 - General description 


The basic circuit is the phase comparator "C1" 
which compares the horizontal saw-tooth and the 
output voltage of Error Amplifier "A". 


The comparator output will go "high" when the 
horizontal saw-tooth voltage is higher than the "A" 
output voltage. Thus, the pin 4 output signal is 
switched in synchronization with the horizontal fre- 
quency and the duty cycle is modulated at frame 
frequency. 


A driver stage delivers the current required by the 
external power switch. 


The external thyristor provides for energy transfer 
between transformer and frame yoke. 

The thyristor will conduct during the last portion of 
horizontal trace phase and for half of the horizontal 
retrace. 


The inverse parallel-connected diode "D" conducts 


ALYY, BeSottnomanes 


Frame Reference 


APPLICATION NOTE 


vides the energy required by frame yoke. 


The frame current modulation is achieved by mod- 
ulating the horizontal saw-tooth current and subse- 
quent integration by a "L.C" network to reject the 
horizontal frequency component. 


Necrma 


Amplitude 
Adjust 


Feedback 


C1 
Saw-tooth ‘frocou 
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during the second portion of horizontal retrace and 
at the beginning of horizontal trace phase. 
Main advantages of this system are : 
¢ Power thyristor soft "turn-on" 
Once the thyristor has been triggered, the cur- 
rent gradually rises from 0 to IP, where IP will 
reach the maximum value at the end of horizon- 
tal trace. The slope current is determined by, the 
current available through the secondary wind- 
ing, the yoke impedance and the "L.C." filter 
characteristics. 
¢ Power thyristor soft "turn-off" 
¢ The secondary output current begins decreas- 
ing and falls to O at the middle of retrace. The 
thyristor is thus automatically "turned-off". 
¢ Excellent efficiency of power stage due to 
very low "turn-on" and "turn-off" switching 
losses. 
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Vill.3 - Typical frame modulator and frame output waveforms 


Figure 81 
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Vill.4 - Frame power stage waveforms 


Figure 84 
Figure 82 
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Figure 85 : Different horizontal conducting 
times during frame 
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Figure 86 
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The bias voltage "Vp" is supplied by the secondary 
winding of EHT transformer. The parabolic effect is 
due to the integration of frame saw-tooth by the 
filtering capacitor "C1". 
ly- 7 
8-C1 
Where : 

* ly : Peak-to-peak yoke current = 380mApp 

° T:20ms 

¢ C1 = 1000uF 


AVB = = 0.95V 


VIII.5 - Frame flyback 


During flyback, due to the loop time constant, the 
frame yoke current cannot be locked onto the 
reference saw-tooth. Thus the output of amplifier 
"A" will remain high and the thyristor is blocked. 
The scanning current will begin flowing through 
diode "D". As a consequence, the capacitor "C" 
starts charging up to the flyback voltage. The thy- 
ristor is triggered as soon as the yoke current 
reaches the maximum positive value. 
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Figure 87 
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EHT transformer winding 
(for 90° tube : Yoke = L = 120mH, ry = 602) 


Figure 88 


{ 
\ ItHyatston / 


* Vir = 210Vpp 

° lvoe = 380mApp 
© L=500nH 

°C =0.47pnF 

° ViF = 9.2 ly(pp) - ry 


¢ Flyback duration = ims 91AN2028/29-87 
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VIll.6 - Feed-back circuit 


VIII.6.1 - Frame power in quasi-bridge configuration 


Figure 89 


Frame Reference 
Saw-tooth 


Reference dc 
Adjust 


This stage measures the frame scanning current in 
differential mode and compares it to the reference 
saw-tooth on pin 3. 
The overall configuration is built around two sym- 
metrical networks : ; 
¢ "Ri, Re, R3" network : determines the dynamic 
saw-tooth voltage 
¢ "R’1, R’2, R’3" network : sets the bias voltage and 
the d.c. shift control. 


where : 

¢ ly : Peak-to-peak Yoke Current 

¢ Vin : Peak-to-peak saw-tooth voltage (pin 3) 

¢ ae [0,1] : amplitude adjustment 
ViII.6.1.1°- Choice of "R" value 
The saw-tooth generator output is an emitter fol- 
lower stage. Pin 3 output current must therefore be 
always negative. 

VIN(MIN) 

nee Veias — VinciN) 
Where : 


¢ Veias : Bias voltage for pins 1 and 2 
¢ Vinmmin) : Saw-tooth voltage low level 
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Example : 
© R1 =22kQ Ri 
* VBIAS = SV maar, | 


¢ VIN(MIN) = 1.26V 
ViIIL6.1.2 - Influence of R3 value 
Rs sets the bias voltage for pins 1 and 2. This 
voltage should be lower than 5.5V so as to enable 
the frame to function upon initial start-up at 
Voc = 6V. 
If the bias voltage is higher than this 5.5V level, the 
d.c. open-loop gain will fall thereby rendering the 
system more sensitive to d.c. drift. 


Satisfactory results are obtained at Vpias values 
falling within 4V to 5V range. 


+: ee: | 
Ve (VinmEAN) * G) — Veias(1 - G) 


Where : Vin(MEAN) : Saw-tooth mean value (pin 3) 


Capacitor "C" connected between pins 1 and 2 
determines the system stability. Its value must be 
appropriately calculated as a function of "Ri, Re 
and R3" values so as to reject the line frequency 
component. 


SON 
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VIII.6.1.3 - "S" Correction circuit in quasi-bridge configuration 
Figure 90 


TEA 2029 
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The "S" correction waveform is obtained using the non-linear "Vpiope" versus "IpiopE" characteristics of 
"D1" and "D2" diodes. 


The signal pre-corrected by "Di", "D2" diodes and the feed-back signal through "R5", are summed at "A". 
The "S" correction level is determined by the ratio between "R4" and "R5" resistors. 


VIII.6.2 - Frame scanning in switched mode using coupling capacitor 


Figure 91 
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The parabolic voltage at (a) is integrated by "R2, saw-tooth voltage at (c). The "S" level is determined 
C2" network and used for "S" correction. by "C2, R2, R3" network. 
The "S" waveform voltage at (b) is added to the 
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VIII.6.3 - Frame safety 

In case of failure in the loop, the thyristor may 
remain turned-off while the inverse parallel-con- 
nected diode conducts. This will result in a hazard- 
eous situation where the voltage across the cou- 


pling capacitor "Cp" will reach an excessively high 
value. 

To avoid such situation, the voltage at point (a) 
should be applied to the "Safety" input pin 28 after 
it has gone through the matching network "R4, R5". 


Vill.7 - Frame scanning in class B with flyback generator 
VIII.7.1 - Application diagram 
Figure 92 
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TEA5170 
SECONDARY CONTROLLER FOR MASTER-SLAVE STRUCTURE 


By : T. PIERRE 
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| - INTRODUCTION 

The TEA 5170 is designed to work in the secondary 
part of SMPS, sending pulses to the slave 
TEA2164 which is located on the primary side of 
the main transformer. 

The function of the regulation and synchronization 
are carried out by the TEA5170. 

An accurate regulated voltage is obtained by duty 
cycle control. 

The TEA5170 can be externally synchronized by a 
frequency higher or lower than the free-running 
frequency. This feature is particularly suitable for 
TV applications. 


ll - OPERATING PRINCIPLES OF 
MASTER-SLAVE STRUCTURE 


This architecture offers two modes of operation : 
¢ Master-slave mode (for normal operation) 


Figure 1 


MASTER 
CIRCUIT 


SLAVE | 
CIRCUIT 


¢ Burst mode (used during start-up and stand-by 
phases) 


il.1 - Master-Slave mode 


In this configuration, the master circuit located on 
the primary side, issues PWM pulses used for 
output voltage regulation. These pulses are sent 
via a pulse tranformer to the slave circuit (Figure 1). 
In this mode of operation, the falling edge of PWM 
signal may be synchronized by an external signal 
(e.g. by line flyback signal in TV applications). 


11.2 - Burst Mode 


During start-up and stand-by phases, no regulation 
pulses are issued by the master circuit and thus the 
slave circuit operates in burst mode. In this config- 
uration, the slave circuit determines the switching 
frequency and the burst period. (See figure 2) 


Pulses 


Current 


Figure 2 : Burst Mode Operation 


Burst Period l 
~———— typ = 30ms 


COLLECTOR CURRENT ENVELOP 
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II.3 - Operation of a Master-Slave Supply in ¢ In normal mode of operation, the master circuit 
TV Application issues the PWM signal for regulation. The 
power supply operates in master-slave mode. 
The master circuit is simultaneously synchro- 
nized with the line flyback signal. 


«Power supply start-up. As soon as the 


The arrangement generally employed is depicted 
in Figure 3. On the secondary side, a microcon- 
troller is connected to the remote control receiver 
which issues control signals for stand-by and nor- 


Vcc(start) threshold is reached, the slave cir- 

Pee be nen vioUe oe cuit besine operating in burst mode. While the 

* In stand-by mode, the device power consump- secondary voltages are being stabilized, the 

tion is low (few Watts). The master will no longer microcontroller holds the TV set in stand-by 
send any control pulses to the slave which will mode. 


consequently begin operating in burst mode. Once the start-up phase is terminated, the set may 
Power supply regulation is performed by the slave remain in stand-by mode or switch into normal 
circuit through the auxiliary winding. mode of operation. 


Figure 3 
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Figure 4 
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Ill - Description of TEA 5170 
The TEA 5170 is a fixed frequency PWM signal generator operating in voltage mode regulation. 


lll.1 - Block Diagram 
Figure 5 
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i1.2 - Oscillator 


The oscillator generates a linear saw-tooth signal 
and sets the free-running frequency. This oscillator 
can also operate in synchronized mode. 


1.2.1 - Operation in free-running frequency 
mode. (See figure 6). 

[11.2.2 - Operation in synchronized mode 

The oscillator is synchronized by forcing the saw- 
tooth return. 

Enabling the synchronized mode (Figure 7) 

The synchronized mode is enabled when the signal 
pulse on pin 8 (Rt) coincides with the oscillator 


Figure 6 


CURRENT 
MIRROR 


Comment : 


The internal current generator used to charge the 
"Cr" capacitor is disabled for the entire phase where 
"Vet" is higher than 2V. Thus, in order to maintain 


Figure 7 
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saw-tooth return. The "C;" capacitor charge current 
is then multiplied by a factor of 0.75. 
The TEA 5170 will remain in synchronized mode as 
long as the synchronization pulses fall within the 
following window : 
(0.8 T1 + T2) < Tsync < (1.33 T1 + T2) 
Where : 
¢ T1 : Ct charge time in non synchronized mode. 
¢ T2 : Ct discharge time 
Synchronization signal (Figure 8) 
Synchronization signal is applied to pin 8 "Ry" and 
the capacitor "C;" is discharged when voltage "Vrt" 
exceeds the "2.7 V" threshold. 


| | 
be eel ae 
! t 
}~——__T : period ———_>| 
Ti= 0.5 x Ry x C; 


T = C; (0.5x R, + 1330) 
T2 = 1330x C; 


91AN5170-06 
the saw-tooth shape of the oscillator signal, the 


"Vat" voltage should fall to 2V before the capacitor 
"C;" full discharge. 
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Figure 8 


l1.3 - Error Amplifier (Figure 9) 


The on-chip error amplifier can be accessed 
through its inverting and output terminals. 

The non-inverting input is internally tied to refer- 
ence voltage level. 


Comment : 


An internal inverting amplifier sets the correct 
phase polarity of the error amplifier output signal 
for regulation. 


111.4 - Pulse Width Modulation (Figure 9) 
The TEA 5170 is a PWM signal generator operating 


Figure 9 
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in voltage mode. The pulse width is determined by 
comparing the error signal "Vom" with the oscillator 
saw-tooth. 


When the error signal "Vom" exceeds the regulation 
range, internal threshold Components will set a 
minimum conduction time toncmin) and also limit the 
maximum conduction time ton(MAx). 


At initial start-up, a soft-start function implemented 
by linear charge of soft-start capacitor "C(s-sTART)" 
is used to vary gradually the ton(max) threshold. The 
output pulse width varies from ton(miN) to ton(MAx) 
nominal value for Vcis-starT) voltage variation of 0 
to 2V. 


Amplifier 
Output 


Inputs 


PWM 
Output 
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Figure 10 


LOGICAL 
CONTROLLER 


111.5 - Output Stage (see figure 10) 


The output stage operates in on/off mode. For a 
supply voltage higher than 8V, the output signal 
value is independent of the supply voltage. (Typical 
value : 7V) 


[11.6 - Vcc Monitoring 


Vcc Rising : When Vcc reaches the value 
"VCC(START)", an internal switch enables the opera- 
tion of the output stage and the soft-start capacitor 
begins charging. 


The internal logic circuitry becomes operational 
before Vcc has reached the "Vccistart)" value. 


Vcc Falling : When Vcc falls below the "Vccstop)" 
level, the negative output stage is switched-on, the 
transistor is turned off and the soft-start capacitor 
is discharged. 


IV - TV POWER SUPPLY APPLICATION BUILT 
AROUND TEA5170 (Figure 15) 


General structure and operational features of this 
power supply were outlined in section 1. 


The details covered below apply to a power supply 
configuration using the slave "TEA2164" device. 


(Refer to TEA2164 data sheet and application note 
"AN409/0591" for further details). 
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IV.1 - Main Application Characteristics 


Input voltage 170Vac to 270Vac 
Output power 20W to 120W 


Output power in stand-by 


Switching frequency 32kHz 
Synchronization on line flyback signal (positive) 


IV.2 - Components External To TEA5170 


Component Value Calculation 

Also refer to TEA2164 application note "AN- 
409/0591" for calculation methods applicable to 
other power supply elements. 

The external components determine the following 
parameters : 

e Operating frequency 

@ tON(MIN) - 

e Soft-start 

e Error amplifier gain 


Ideal Values 
e Period of operation "Tosc" : 32us 
e@ ton(miN) duration : 1.2us J 
e soft-start duration : 20ms 
e Error amplifier gain : 
¢ DC gain Gpc = 35 
¢ AC gain at 1/10 x Tosc : Gac = Gpc/5 = 7 
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IV.3 - Free-Running Oscillation Frequency 


For efficient use of TEA5170 and TEA2164 syn- 
chronization windows, the periods of both devices 
are determined as folows : 


+ TSYNC 
OSC(5170) = > oe 
TOSC(S170) 
TOSsc(2164) = 4903 
Where: 


¢ Tsync : line flyback signal period 

¢ Tosc(5170) : TEA5170 free-running period 

¢ Tosc(2164) : TEA2164 free-running period 
Numerical Application 
Period of synchronization signal being 
TSYNG = 32US : 


Tsync 


Tosc(5170) = 1.06 = 30.2us 

Tosceé170 30.2 

Toscaey = = 4303 1.283 
= 24.7s 


The TEA51 70 free-running period is determined as 
follows : 


Tosc(5170) = Ct (0.5 x Rt + 1330): 
Figure 11 
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Where : 


C= tON(MIN) — 0.5 x 10° 
1330 
° Rt = 105kQ (1%) 
° Ct = 560 pF (2%) 


IV.4 - Error Amplifier Compensation 
¢ Ahigh DC gain is required for good accuracy. 
¢ For stability reasons, the AC gain must be at- 
tenuated so as to avoid injection of the switching 
frequency component into the regulation loop. 


ar a R2+R1 
DC Gain : Goce = R38 x Boa, 
4 
RCP Graeme 
sKe Gane Gros — ey eee 
1 R2 x R1 
R3 +> 
joC 


Assumptions : 
¢ R2>>Ri1 since Vout >10 Vrer so the value of 
R2 does not modify the result of calculation and 
only R1 and R3 influence may be taken into 
consideration. 
© Ri = 2.2kQ , R38 = 75kQ 
¢ With cut-off frequency in AC regulation mode : 


L => C=2.2nF 


T= F0x Tose 
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IV.5 - Synchronization Signal Matching Stage 
(Figure 12) 


The synchronization signal is generated from the 
line flyback. 


The pulse amplitude is given by : 


VPIN@MAX) _ Rp 
Vere" Foe With Rr>>R 


The pulse time constant is (R+ Re)C and should be 
Figure 12 
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1V.6 - Soft-Start Period Duration 


In this application, the duration of soft-start is 
around 20ms, 


With : 
* C(s-START) = T(S-START) X 2X 10° = 47nF 
Figure 13 
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lower than the saw-tooth fall time. 
Thus, for a line flyback signal amplitude of 50V : 
R = 6.8kQ , Rp = 75kQ , C = 150pF 


Comment: 


Practical and theoretical values may differ slightly 
since the rise time of the line flyback signal is not 
generally negligible. 


91AN5170-12 


IV.7 - Transformer Characteristics 
(Reference : G4453-02 OREGA) 
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IV.8 - Operation 


IV.8.1 - Start-Up 


The power supply of TEA5170 begins rising grad- 
ually upon initial start-up of the primary circuit. 
When Vcc reaches the value Vccistart) = 4V, the 
oscillator has already begun running and the soft- 
start capacitor "Cis-starty" begins charging. The 
conduction time is ton(min) and rises gradually. 


IV.8.2 - Stand-By 


This function is externally activated by grounding 
the "stand-by" input thereby disabling the power 
supply of TEA5170. (Figure 15). 


To return to normal mode of operation, this pin 
should be left floating. 

IV.9 - Delay Time In Synchronized Mode 
Figure 14 
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IV.8.3 - Synchronized Mode 


The differentiator at synchronization input will 
transform the line flyback signal into a rectangular 
pulse whose time constant is around 1ms. 

In this mode of operation, there is a lapse of time 
between the falling edge of the synchronization 
signal and the real transistor turn-off (Figure 13). 
In TV applications, this time should be less than the 
line flyback duration so as to avoid the occurrence 
of on-screen visible disturbances. 

t1 and t3 times are specific to TEA5170 (ti + 138 = 
800ns typ.) 

t4 is specific to the primary circuit (= 800ns typ. with 
TEA2164). 

Only t2 = ton(min) and t5 = tsta of the switching 
transistor can be modified according to individual 
application requirements. 
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V - DC-DC CONVERTER 
(9V+40% => 24V , 1.5W) (Figure 16) 


This low power converter employs a transformer 
wound on a low-cost ferrite former. 


The configuration is protected against open loads 
and short-circuits. 


Transformer characteristics 

¢ Primary inductance : 53.5 WH 

¢ Transformation ratio for 24V :ns/np=2 
Regulation Characteristics 

¢ Line regulation at 4.9V to 15V : 24V +0.22% 


¢ Load regulation for (0.4PmMax - Pmax) : 
24V + 0.12% 


* Power range : 0.24W to 1.6W 
¢ Efficiency : 40% 


V.1 - Electrical Diagram 


Figure 16 
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V.2 - Operation 


¢ The period of operation is determined by Ri and 
Ct components. 


¢ Minimum conduction duration : 0.6 us 
¢ Free-running period : 29 ys 
¢ Soft-start period duration : preset at 100 ms. 


V.2.1 - Open-load Protection 


In case of low load values, the minimum conduction 
time ton(miN) with respect to the period of operation 
is too high to maintain the output voltage at its 
nominal value. The only solution to stabilize the 
voltage is to increase the period of operation by 
reducing the charge current of the oscilator capac- 
itor Ct. This is obtained by injecting additional cur- 
rent into resistor Rt as soon as the output voltage 
Vout rises. 


91AN5170-16 


ware _________ 7 ses-tuomson 


V.2.2 - Short-circuit Protection 


When the current through transistor becomes sub- 
stantially high, the transistor is saturated and in- 
duces a high dlc/dt . The diode on switching tran- 
sistor base is then forward biased and begins 
deviating a portion of the base current. This phe- 
nomenon is self amplified and therefore results in 
rapid transistor turn-off. 


V.2.3 - Demagnetization Monitoring 


In order to avoid magnetic flux runaway, the tran- 
sistor should be driven into conduction only once 
the transformer has been fully demagnetized. 
While the transformer is being demagnetized, the 
secondary-connected rectifier diode is forward bi- 
ased and thus maintains the error amplifier output 
at 0 potential. The allowed conduction period is 
consequently ton(min). 
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VI - CONCLUSION 


The TEA5170 requires a very simple configuration 
and yet offers excellent regulation quality combined 
with synchronization possibility for flyback-type 
converters. 


The TEA51 70 can be used in converters operating 
at 16 kHz to over 100 kHz frequency range. 


Access to error amplifier and soft-start input are 
some of the remarkable features offered by this 
device whose application areas are by no means 
limited. 


The TEA5170 belongs to the family of master 
controller devices characterized by their outstand- 
ing flexibility of use and application performances. 
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SUMMARY (continued) 


I.6 START-UP 


1.6.1 Start-up resistor... ........... 
16.2 Self-supply ................ 
11.6.3 | Secondary controller circuit start-up... . 


I.7 PROTECTIONFEATURES ........ 


HN.7.1 Overload protection ............ 
[Il.7.2 | Short-circuitprotection .......... 
Ill.7.3 Repetitive overcurrent protection ..... 
lll.7.4 | Overvoltage protection .......... 


lI.8 OSCILLOGRAMS ............. 


IV APPLICATION VARIANTS ........ 
IV.1 ALL MAINS APPLICATION ........ 
IV.2 117 VOLTS APPLICATION ........ 
IV.3 APPLICATION WITHOUT STAND-BY . . 


| - INTRODUCTION 


The TEA2164 is a Switching Power Supply Con- 
troller circuit designed to operate in Master-Slave 
structure. 

This device is located on the primary side of power 
supply and requires the addition of other controller 
device such as TEA2028 or TEA5170 connected 
to the secondary side. 


1.1 - Master-slave structure 
1.1.1 - Block diagram 


Figure 1 
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The main application of this circuit is in switching 
mode power supplies operating in discontinuous 
mode flyback configurations used in TV receivers 
at 60 W to 150 W power ratings. 

The device incorporates a "Burst Mode" feature 
which offers excellent functional efficiency in 
"Stand-by" mode of operation. 
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1.1.2 - Fundamentals 

The "Master" device located on the secondary side 

of the power supply performs the following func- 

tions : 

- Output Voltage Control : Monitors the Conduction 
Period of the "Slave" circuit so as to provide 
Output Voltage Regulation as a function of Mains 
and Load variations. 

- Switching Frequency Synchronization on Hori- 
zontal Scanning Frequency 

The "Slave" circuit provides for the following func- 

tions : 

- Power supply start-up 

- Optimized Switching Transistor base drive 

- Power supply regulation during stand-by opera- 
tion 

- Protection against 
* Overloads 
¢ Short-circuits 
¢ Open-loads 
¢ Missing control pulses normally delivered by 

secondary block. 


1.1.3 - Principles of regulation 


A fraction of the voltage to be regulated is obtained 
from a voltage divider network and compared to an 
internal reference voltage. The error voltage deliv- 
ered by comparator is used to modulate the dura- 
tion of the output pulse delivered by PWM (Pulse 
Width Modulation) Controller. The frequency of 
these pulses is determined by an internal oscillator 
synchronized on the horizontal scanning of the TV 
set. 
PWM output signal is differentiated and forwarded 
towards the primary controller via a small low-cost 
pulse transformer which provides galvanic isolation 
between primary and secondary sections. 
The differentiated positive signal pulse will turn the 
transistor on while the negative pulse will turn it off. 
Conduction period variation will determine the 
amount of energy stored within the transformer 
during each cycle so as to maintain a constant 
output voltage whatever load and mains voltage 
variations. 
l.1.4 - Advantages offered by this architecture 
The "Master-slave” architecture offers the following 
advantages : 
- Excellent output voltage regulation 
- Main output voltage is not influenced by signifi- 
cant variations of auxiliary voltages (no sound 
interference within image display, even at audio 
power levels as high as 2 x 30 W). 
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- The coupling between transformer primary and 
secondary windings is no longer a critical require- 
ment for regulation; which allows use of low-cost 
transformers (such as SMT5 series manufac- 
tured by OREGA) 

- Synchronization on TV line scanning frequency 
will suppress any on-screen interference pro- 
‘duced by power transistor turn-off, and eliminate 
the need of additional output voltage filtering 
components. 

- All power supply protection features are imple- 
mented on primary side thereby allowing efficient 
and fast response to : 
¢ Current limitation 
¢ Overvoltage protection 
¢ Persisting overloads 

- Other protections can be implemented to limit or 
disable the duration of regulation pulses issued 
by PWM, in case of failure detected within any 
section of the TV set. 


: 


1.2 - Stand-by in burst mode 

The secondary power required in stand-by mode is 
often quite low (1 W to 5 W in majority of cases). 
Instead of operating the system at low ton duration, 
which is a difficult task with discontinuous mode 
transformer, the TEA2164 offers a "Burst Mode" to 
perform the stand-by function. 

- T; : Burst duration 


Figure 2 
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- T2 : Burst period (period of VLF oscillator) 

The T1/T2 ratio is fixed internally. 

The TEA2164 allows the switching transistor to 
conduct only for typically 13% of the internal VLF 
oscillator period. 

A pulse train "T1" called "Burst" is thus obtained. 
The repetition period "Ts" can be set externally by 
capacitor "C1" connected to pin 10. 

In this mode of operation, the power transferred to 
the secondary windings is very low. 

The collector current envelope has been optimized 
to yield efficient soft start and to minimize the audio 
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noise generated by switch mode transformer. Also, 

the free-running frequency "fosc” is shifted towards 

20kHz so as to eliminate all audible noise in stand- 
by mode. 

In this mode, the secondary output voltages are 

regulated by a feed-back loop on primary side. The 

TEA2164 will switch from synchronized mode (reg- 

ulation by master circuit on secondary side) to burst 

mode (stand-by) as soon as the synchronization 
pulses, normally delivered by secondary block, are 
no longer available. 

It is therefore obvious that the most efficient solu- 

tion to implement the burst mode is to cut supply to 

master which will consequently be unable to deliver 
any synchronization pulse. 

The stand-by function in burst mode offers the 

following advantages : 

- Eliminates the need for auxiliary stand-by power 
supply and therefore its costly building elements 
such as stand-by mains transformer, relay or 
other specific components. 

- Good power supply efficiency, thanks to burst 
mode, allows low mains power consumption in 
stand-by. 


ll - THE TEA2164 INTEGRATED CIRCUIT 

Il.1 - Description 

The TEA2164 is cased in a 16-pin DIL package. 
The 4 center pins (2 on each side) are connected 
together and used to evacuate the heat. 

The device includes the following functional 
blocks : 

- A free-running oscillator which can be synchro- 
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nized on the frequency of pulses issued from 
secondary. 
- A Very Low Frequency (VLF) oscillator used for 
burstmode. 
- An input stage to shape positive and negative 
input pulses. 
- An output stage with two complementary amplifi- 
ers: 
* one, to provide the positive base current to turn 
the switching transistor on, 
¢ the other, to provide the negative base current 
required to turn the transistor off. 
The positive base current is proportional to the 
‘collector current. 
- Asophisticated protection system featuring : 
¢ Collector current limitation at 2 threshold levels 
¢ A device to memorize the occurrence of over- 
loads and short-circuits, and to disable the 
power supply completely after a pre-determined 
time constant. 
¢ Vcc monitoring device with 2 thresholds : 
- Upper threshold : for overvoltage protection 
- Lower threshold with hysteresis : for system 
Start-up 
- Supply Voltages : 
* one pin for general supply (Vcc) 
* one pin for power supply of the positive output 
stage (V*) 
* four pins for power supply of the negative output 
stage (V) 
(according to application type, these pins can 
be grounded) 
* one pin for ground connection 
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11.2 - TEA2164 Simplified block diagram 
Figure 3 


Veo 2 15V 
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Batwing DIP16 
(plastic package) 


lI.4 - Operating modes 
Il.4.1 - General description 


The TEA2164 can operate in two distinct modes : 

- "Normal" (or synchronized) mode : 
Synchronization and regulation by secondary 
controller circuit. 

- "Burst" mode : 
In this mode, the TEA2164 operates as a stand- 
alone device. 
This mode is used upon start-up and in stand-by 
mode. 
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Two additional modes are also available : 

- Long interval safety mode : the device is fully 
turned-off although it is correctly supplied 
(pin 3 capacitor has stored the occurrence of 
repetitive overcurrent) 

- Start-up mode : the device is in low-consumption 
mode, its Vcc has not yet reached the Vcc(sTartT) 
threshold. 


The normal start-up sequence is : 
¢ Start-up Mode 
¢ Burst Mode 
¢ Synchronized Mode 

11.4.2 - Synchronized mode 


In synchronized mode, contro! pulses delivered by 
secondary block are differentiated and then applied 
to pin 6 input. 


Figure 4 
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Il.4.3 - Burst mode 


If no control pulses are present at device input 
terminal, the TEA2164 will operate as stand alone 
in burst mode. 


The switching frequency is given by the internal 
oscillator whose value depends on external com- 
ponents "Rosc" (pin 7) and "Cosc" (pin 8). 


The "START" signal is generated by the oscillator 


~ 
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The positive pulse will synchronize the internal 

oscillator by discharging the "Cosc" capacitor, 

which will generate a constant width pulse called 

"START Signal to be applied to positive stage output 

amplifier. 

Similarly, the negative input pulse generates a 

"stop" pulse which is applied to negative stage 

amplifier whose output is used to turn-off the 

switching transistor. 

The "START" signal is disabled under following con- 

ditions : 

- voltage applied to Vcc terminal is higher than 
+15V 

- current protection device has detects a collector 
current higher than "Ic(me2)". 

lf the current reaches "Iccm1)" threshold, the current 

limitation device will generate the "stop" pulse. 
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and is used to turn the switching transistor on. 


Transistor turn-off is performed by "Ic(m1)" current 
limitation through soft-start block or by "ton(MAx)" 
value set by resistor "Ri" connected to pin 9 (or 
voltage applied to pin 9). 


The VLF oscillator will enable the "start" signal for 
13% of its periode duration. 
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Figure 5 
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(120 W - Discontinuous mode flyback power supply with stand-by in burst mode) 


lll.1 - Characteristics & application diagram 
Ill.1.1 - Characteristics 


- Discontinuous mode flyback SMPS 
- Standby function using the burst mode of 
TEA2164 
- Switching frequency : 
¢ Normal mode : 15625Hz (synchronized on hor- 
izontal deflection frequency) 
¢ Stand-by mode : 19kHz 
- Nominal mains voltage : 220Vac (50Hz or 60Hz) 
- Mains voltage range : 170Vac to 270Vac 
- Nominal output power : 120W 
- Mains power consumption : 
¢ Normal mode : 150W max 
¢ Stand-by mode : 5W (with 3W at secondary 
side) 
- Efficiency : 
¢ Normal mode : 85% (under nominal conditions) 
¢ Stand-by mode : 60% 
- Regulation performance at high voltage output : 
* better than 0.5% versus mains variations of 
170Vac to 270Vac 
* better than 0.5% versus load variations of 35W 
to 120W 
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- Overload and short-circuit protection with com- 
plete power supply shut-down after a pre-deter- 
mined time constant 


- Open-load protection by output overvoltage de- 
tection 


II].1.2 - Application diagram 


The first diagram illustrates the primary block built 
around TEA2164. 


The system is set into stand-by mode of operation 
by the switch connected to +15V supply. 


Regulation pulses can be generated by a PWM 
device such as TEA5170 or delivered by a deflec- 
tion circuit such as TEA2028 or TEA2029 which 
includes on-chip power supply regulation. 


The second diagram depicts the full application 
diagram for a complete TV set power supply and 
scanning built around TEA2164 and TEA2029. 


A microprocessor will introduce 100ms delay inter- 
val for the system to start-up in stand-by and then 
to switch into normal mode (synchronized and 
regulated by TEA2029). 
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Figure 6 : TEA2164 typical application 


4x 1N4007 
220Vac + 20% 
Mains Input 


2 2nF 
BU 7 (1 2kV) 
508A 


2200 
(6W) 


1N4444 


j 7 *41NF (400Vams) 
GROUND 
—_ aaa cages d 


0.272 
(1W) 


——“-4 


| 

1002 | 1 | 

V Small Signal Primary Ground | 
¥, 


9 Power Primary Ground i eT 
[— Secondary Ground (isolated from Mains) 


91AN2164-06 


8/30 
KYA, iiesaltnensonses 
272 


4x 1N4007 


: ‘ 
Mains Input SMPS 
earner |e 
270 ond711 pet 220pF 


2 
220 Zan | ca a 


Horiz. Phase 
n Agjust 
+h 


ty 


n 
iS) 
3 

a 


3 32kc2 (144) 


~~ 
a 


10u Fe 503 pono 
m = KHz 2200 


SOINOULITTIZOWDIN 
NOSWOHL-S9S 


TEA 2029C 


‘ 
j=) 
o 


1N4148 = 


VIDEO LINE 
INPUT FLYBACK 


AGC 
UPEA 
PULSE. MUO U" SANDCASTLE 
S0/60Hz OUTPUT 
IDENTIFICATION 


VY Primary Ground (connected to Mains) 
%%™ Secondary Ground (isolated from Mains) 


Z0-V9LCNVI6 


EL? 
0€/6 


220pF 


rc 
‘ 
1 
i 


EW 
CORRECTION 


ot 


Z aanbi4 


wesbeip uoijeodde ajajdwoo uoldayep 3 SdINS 


ALON NOILVOMddV 


APPLICATION NOTE 


[1.2 - Transformer calculation 


The power supply must meet the following specifi- 

cation requirements : 

- Mains voltage range : 170Vac to 270Vac (50Hz 
or 60HZz) 
i.e. 200Vpc to 380Vpc taking into account the 
supply ripple 

- Output power : 10W to 120W max 
i.e. 150W at input 

- Switching frequency : 15625Hz 

- Main output voltage : +135V 


Figure 8 
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The transformer primary inductance "Lp" and trans- 
formation ratio "n2/n1" are to be calculated while 
taking into consideration limits related to conduc- 
tion time "ton" and switching transistor currents and 
voltages (Ic and Vce). 

Following conventional expressions are em- 
ployed : 


= ere a 
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Vin x t 
ae mu ON (2) 
P 


tin = UF x Vin x ton 
oa Vout 


combining (1) and (2) 


ie V2Pin x T x Lp (4) 


Vin 


combining (3) and (4) 


V2Pin x T x Lp (5) 


First limit : The system should always operate in 
discontinuous mode 


n2 1 


ni * Vout 


tam = 


therefore : tonmax) + timqax) S T (6) 


The worst case is specified with Pin(max) and 
VIN(MIN) : 


1 te eAfzs! 
Vinminy Vout} © IN(MAX) 


Second limit : Maximum voltage across the switch- 
ing transistor : 


VcE(MAX) = VINMAX) + VR (8) 


Vo e nt 
where : Vp = VouT X n2 


Third limit : Maximum current through the switching 
transistor : 


2Pin(max) xT 


Ic(maX) = Lp 


To minimize the voltage across the power switch, 
we Shall select a reflected voltage of Vr = 150V. 
Therefore : 

n2 135V 

ni 50V — ae 

¢ In order to take full advantage of the transformer 
ferrite core, one shall select the extreme limit of 
demagnetization : 


SON 
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therefore : 


tON(MAX) + tarn(MAx) = T 


2 
L T Vin(MINy X Vout 

= x | 

2PIN(MAX) 


n2 


V 
OuT + ni 


VIN(MIN) 


(p= 84x10%, (200x135 _Y 
P="2x150 ~|135+0.9 x 200 
Le = 1.55mH 


Characteristics of the ferrite core used in this case 
will require 80 primary and 72 secondary turns. 


TRANSFORMER SPECIFICATIONS 


- Reference : OREGA - SMT5 - G.4173-04 
- Mechanical Data : 

¢ Ferrite : B50 

¢ 2 cores : 53 x 18 x 18 (THOMSON-LCC) 

¢ Airgap : 1.7mm 
- Electrical Data : 


Number | Wire Size ae 
of Turns | (mm) (wH) 


me 
Fivback [72 | 7 | 04s | 145 
a 


3 
it 
Secondary 


Using this transformer : 


- maximum voltage across the switching transis- 
tor : 


VcE(MAX) = Vin(MAX) + VR 


VcE(MAX) = 380 + 150 = 530V 


- maximum current : 


2P IN(MAX) 
Ic(max) = Lp 


xT 
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2x 150x 64x 10° 


Ic(MAx) a 1.55x 10° =3.5A 


- Maximum conduction time at Pinmmax) : 


—— V2xP XxTxL 
Vantin V IN(MAX) P 
tonqmaxy = or V2 x 150 x 64 x 10° x 1.55 x 10° 


200 


ton(MAX) = 


ton(MAx) = 27.3yS 
- Minimum conduction time at Pinqin) : 
ea 
ON(MIN) = Vi 


V2 x Pincminy X T x Lp 
N(MAX) 
‘enue Ve x 12.5x 64x 10° x 1.55 x 10° 


380 
ton(MIN) = 4.17ps 


Comment : 
When using high value secondary filtering capaci- 
tors or if the switching transistor storage time is too 
long, the system start-up at high mains voltages 
may be difficult. 
In fact, upon start-up, the secondary filtering capac- 
itors are discharged which will result in very long 
demagnetization time. According to both, trans- 
former characteristics and minimum conduction 
time, the transformer is magnetized and the peak 
primary current begins rising (the current does not 
any longer begin rising from zero). 
In worst case, the current can reach the threshold 
level "Ic(m2)" which will consequently prevent the 
power supply start-up. 
Two solutions are available : 
¢ Reduce the number of secondary turns which 
will decrease the demagnetization time (but 
also increase the switching transistor reflected 
voltage) 
¢ Reduce the primary inductance while keeping 
the transformation ratio constant (which will also 
increase the RMS and peak current values) 
Under all circumstances, an efficient transistor 
base drive combined with a not too long storage 
time (3.5us to 4us) are required. 
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APPLICATION NOTE 


11.3 - Switching transistor & its base drive 
[11.3.1 - Current limit calculation 
Figure 9 


The "Rs" resistor sets the switching transistor col- 
lector current limitation value. Power supply reli- 
ability is directly dependent on the value of this 
resistor, which is calculated as a function of the 
maximum power required from the secondary 
winding. 

Lets set the secondary power limit at 150W value : 


Pin _ Tout = Pin = 175W 
(with efficiency n = 0.85) 


2Pinmax) X T 
Ic(MAX) = Lp 
2x 175 x64 x 10% 
IC(MAX) = 155x102 = 3.8A 


The storage time at this current value is approxi- 
mately 4us (with BU508A). 
The collector current slope at nominal mains volt- 
age is 0.2A/us . 
The current limitation threshold level must there- 
fore be fixed at 3A. 
The "Icim1)" voltage threshold is typically 0.84V : 
therefore : Rs = os = 0.280 
In practice, the selected value is Rs = 0.27Q 
At minimum mains voltage level, the slope is 
smaller and the maximum current therefore be- 
comes : 
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iia 0.84 i 200 
"0.27 "4.55 x 108 
At maximum mains voltage level, the slope is 


sharper and the maximum current therefore be- 
comes : 


x4x10°=3.6A 


380 
1.55x 10° 
I11.3.2 - Switching transistor 


It was demonstrated that under normal operating 
conditions, the maximum collector current value is 
around 4.1A while the maximum collector voltage 
is approximately 530V. 

Factors such as the overvoltage produced at the 
time of transistor turn-off, transformer leakage in- 
ductance and peak currents generated in the event 
of short-circuits, must be also taken into account. 
At the time of transistor turn-off and under worst 
case conditions (maximum mains voltage, signifi- 
cant overload), the "Vce" voltage across the tran- 
sistor can reach 1000V. 

Therefore, a transistor with Vces = 1200V must be 
selected. 

In case of short-circuit, transformer is magnetized 
and the collector current value will reach 5A (with 
0.27Q measurement resistor and 1.35V typ. Vccme) 
threshold). 
Therefore, a transistor with Ic(max) 2 7A must be 
selected. 


loan) = S55 + x4x10°=4.1A 
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The BU508A and equivalents are perfectly suit- 
able. 


11.3.3 - Switching aid (snubber) network 


The "Snubber" network is built using a combination 
of "R ,C , D" components to limit the dV/dt slope 
and to reduce the collector current rise up at the 
time of transistor turn-off. 
Switching losses at turn-off which are proportional 
to "V x |" product are thus minimized. 

°C =2.2nF 


Figure 10 


[11.3.4 - Base drive 


A bipolar switching transistor requires a positive 
base current to enter into saturation while a nega- 


Figure 11 


1 t 
H 
I l 
I 

1 \ 
t I 
' | 
| l 
I 1 


1 - Constant amplitude pulse to turn the transistor 
on (duration depends on oscillator saw-tooth re- 
turn) 


2 - Base current proportional to the collector current 
(Icopy function on pin 2) 


3 - Saturated base current to limit the circuit power 
dissipation (function implemented through the re- 
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APPLICATION NOTE 


° R= 2200 
*D:BA159 
¢ T : BU508A 


Whatever load and input voltage conditions, it must 
be ensured that the system will operate perma- 
nenitly within the safe operating area of the transis- 
tor. 


A100 resistor connected between transistor base 
and emitter terminals will improve the voltage 
behaviour. 
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tive base current is necessary to turn it off. 


The shape of base current waveform is illustrated 
in the following Figure. 


91AN2164-11 


sistor in series with pin 15) 


4 - On-chip delay interval of "0.7us" to prevent 
simultaneous conduction of positive and negative 
stages 


5 - Negative base current to remove the charge 
stored within base (storage time - duration of which 
depends on type of switching transistor) 
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APPLICATION NOTE 


Figure 12 


¢L=2.5uH 

°*R=10Q 

°C =47uF 

*D:1N4001 
The base drive circuit is a "capacitive coupled" 
device. There is therefore no need to apply a 
negative voltage "V -" to pins 4, 5, 12 and 13 which 
will be grounded. P.C.Board tracks connected to 
these pins must be wide enough to allow efficient 
evacuation of the power dissipated by device. 
The positive base current goes through 3 diodes 
connected in series. Capacitor connected across 
these diodes will be charged to a value equal to 3 
times forward diode voltage drop. This voltage is 
sufficient to turn the transistor off. 
This capacitor must be selected to withstand the 
effective current through it, which is mainly the 
negative turn-off current. 
The inductor in series with base, limits the dIB/dt 
slope and thus the base current, at the time of 
transistor turn-off. The inductance value must be 
adjusted to yield efficient turn-off while the negative 


Figure 13 


Also, the current gain between input (pin 2) and the 
output (pin 14) is: 

1000 = Ip = 1000 x Icopy 

The forced gain is therefore : 


Ic _Reopy 1 
IB Rs ~ 1000 
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current delivered by TEA2164 should not exceed 
-1.7A . The 10Q resistor connected across this 
inductor helps the damping of base current oscilla- 
tions at the beginning of transistor conduction. 
Comment : 
In order to avoid all problems at TEA2164 output 
stage, it is recommended to connect a 1N4444 
diode between the output terminal (pin1 4) and the 
ground, as illustrated in Figure 12 above. 
In case of capacitive drive and if a negative 
voltage appears across output terminal (due to 
inductor L), this diode will deviate the current 
towards ground thereby preventing reverse bias 
of the negative output stage. 


111.3.5 - Rcopy Resistor Calculation 


This input is used to set the switching transistor 
forced gain, that is, to deliver the base current 
necessary for a required collector current. 

Input pin 2 can be considered as a virtual ground 
terminal and therefore : 


Rs x Ic = Roopy x Icopy 
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A forced gain of 2.25 (BU508A) with Rs = 0.27 will 
yield : Rcopy = 600Q 


In practice, one would select the optimal value by 
observing the dynamic aspect of the saturation 
voltage on an oscilloscope. This is why Rcopy = 
390Q is selected with BU508A. 


OMSON 
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I11.3.6 - Calculating the value of resistor connected 
tO V+ 

In order to prevent high current flow through the 
integrated circuit and also to limit the power dissi- 
pation, the output stage is operated in saturated 
mode in high positive output currents. 

The maximum recommended positive base current 
is 1.2A. 

Selected maximum power supply voltage is +12V. 
Lets calculate the resistor value required to yield a 
maximum current of +1A. 

The voltage drop across three diodes connected in 
series is typically 0.9V x 3 = 2.7V at 1A. 

The base-emitter saturation voltage of BU508A is 
around 1V. The TEA2164 output stage voltage drop 
is approximately 1.4V. 

Therefore : 

Ry. = 12V—1V exo) —1.4V 6.90 


Preferred value Rv. = 6.8Q is selected. 
Figure 14 


APPLICATION NOTE 


Comment : 

- It is obvious that the maximum lp+ value is 
directly dependent on the power supply voltage. 
Therefore, Vcc variations as a function of mains 
voltage, through the forward self-supply winding, 
must be taken into consideration. 

- All calculated values must be optimized on the 
prototype board by taking into account all operat- 
ing conditions of the switching transitor to be 
used. 


111.4 - Input pulses & oscillator 

11.4.1 - Input pulses (pin 6) 

The regulation PWM and sync pulses issued by the 
controller circuit on secondary side are sent to the 
primary side through a pulse transformer that en- 
sures galvanic isolation between primary and sec- 
ondary sections. The PWM pulse is differentiated 
by the pulse transformer. 

The input signal (pin 6 of TEA21 64) frequency must 


SMPS 
Output 


TEA 2028 


Transformer 


fall within the sync window : 


0.65 fosc < fsync < fosc 

The positive drive pulse will turn the transistor on 
while the negative pulse will turn it off. Prior to 
transistor turn-off, the positive base current is inter- 
rupted and then after a constant time interval, the 
negative base current is applied to turn the transis- 
tor off. 

For appropriate system operation, the amplitude of 
pulses applied to input pin 6 must fall within + 0.5V 
to + 1V range. 

The pulse transformer can be built by 2 few turn 
windings wound on a tore or ferrite rod. 

11.4.2 - Oscillator (Rosc , Cosc - pin 7 and pin 8) 
The free-running frequency is given by : 


1 


fosc = 0.4 x Rosc x Cosc + 470 x Cosc 


Ayy, BESctieomonnes 
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Choice of fosc must take into account the following 
constraints : 
* fosc must fall within the sync range : 
0.65 x fosc < fsync < fosc 
¢ the free-running frequency fosc must not fall 
inside audible frequency range in stand-by 
mode : 
fosc 2 20kHz 
The sync frequency value used in TV applications 
is 15.7kHz. 
The free-running frequency "fosc" value is selected 
to be 19kHz so as to fall at the center of sync 
frequency range. This frequency is close to 20kHz 
and is therefore not audible. 
The value of "Cosc" capacitor determines the os- 
cillator saw-tooth discharge time. This time has a 
direct influence on "ton(miny" used by TEA2164 and 
therefore should not be too long so as to allow a 
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low "ton(min)". 

We shall select Cosc = 1.2nF 

The corresponding value of Rosc is calculated as 
follows : 


eae 108kQ 


lose = 
86 "0.4% 19x 102x 1.210% 04 


Selected value ts : Rosc = 110kQ 

The tolerance of these components is calculated 
as a function of maximum admissible free-running 
frequency dispersion while also taking into account 
the minimum and maximum limits of the horizontal 
scanning frequency. 


111.5 - Stand-by 


The system will enter into stand-by mode by simply 
disconnecting the power supply to the secondary- 
connected PWM regulation device (TEA5170 or 
TEA2028). In the absence of control pulses nor- 
mally delivered by the secondary block, the 
TEA2164 will switch to "burst" mode in which case, 


Figure 15 


TEA 2164 


GND 


divider bridge and then to pin 9 which is used for 
output voltage adjustment in stand-by operation. It 
is recommended to choose the voltage values in 
stand-by slightly lower than nominal values used 
under normal operating conditions. A inF capacitor 
has been added to pin 9 which will improve the 
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the power transfer falls to a low value. 

I1.5.1 - Very low frequency oscillator 

The period of this VLF Oscillator is determined by 
Capacitor "C1" connected to pin 10. 

For C; = 100nF, the VLF oscillator period is approx- 
imately 30ms. The typical burst duration is there- 
fore 3.9ms - which is 13% of the VLF oscillator 
period. 

The ripple ratio of secondary output voltages in 
Stand-by mode depends on VLF oscillator period 
and hence on the value of capacitor C1. 

11.5.2 - Regulation in stand-by mode 

A feed-back loop connected to pin 9 is used to 
modify the maximum conduction period in burst 
mode and to allow the regulation of secondary 
output voltages in stand-by. 

The feed-back information is delivered by the self- 
supply flyback winding of TEA2164. This signal, 
once rectified and filtered, is an image of secondary 
voltages. This voltage is applied to an adjustable 


Forward 
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filtering of the regulation voltage. 
[11.5.3 - Maximum power in stand-by operation 


The collector current envelope shape varies as a 
function of the secondary power consumption in 
stand-by. 


Ky SES TL HOMSON 


It follows that the power which may be tranferred 
to the secondary winding in stand-by is therefore 
limited. 


Figure 16 


Ic 


Psp < Pspmax) 


Ic 
Ic(MAX) 


Psp = Psp(max) 


P f 
Psp(Max) = 3X 013 x = 
SYNC 
150 19 x 10° 
= Prspmax) = —— x 0. ————- = 8W 
Poe hee 15.7x10° 


Comment : 


- at Psp = Pspimax) , C3 capacitor (pin3) is slowly 
charged and the voltage on pin 3 will reach the 
protection threshold value (3V typ.) and the 
SMPS is shut down. 


Figure 17 


TEA 2164 
ee oe aoe 
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Discharge 
a 
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APPLICATION NOTE 


The maximum power in stand-by can be estimated 


as follows : 


91AN2164-16 


I11.5.4 - Booster circuit for higher stand-by output 
power 


When higher stand-by output power is required, it 
is possible to add a network on pin 10, which 
modifies the shape of the VLF oscillator saw-tooth 
and increase the T1/T2 ratio. 


The burst duration "T1" is not modified, only the 
VLF oscillator period "T2" is shorter, which will 
increase the available stand-by output power. 


Without add. Network 


T1/T2 > 13% 


91AN2164-17 
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APPLICATION NOTE 


[11.6 - Start-up 
11.6.1 - Start-up resistor 


Upon initial system start-up, the mains filtering 
capacitor is charged through the rectifier diode 
bridge. 

Figure 18 


- The capacitor charge up time is given by : 


Vocistant) X C16 


tCHARGE = = 
Aa ICC(START 
9 x 220 x 10°° 
tcHARGE = 310 : = 0.85s 
———., - (0.8 x 107 
100 x 107 ( 


At minimum mains voltage level : tcHarGe = 1.2s 
- The power dissipated within "Rstart” resistor is : 


p= (Vin - Voc) 
Rstart 


_ (310 - 12) 


P 3 
100 x 10 


= 0.9W (P = 1.4W at Mains max level) 


An application variant is when the start up resistor 
is directly connected to non-rectified mains. 

In this case and in order to obtain an identical 
Start-up time, the value of "Rstart" resistor must 
be divided by nx. The power dissipation is thus 
reduced by approximately 30%. 


11.6.2 - Self-supply 


As soon as the voltage on pin 16 reaches the 
Vcc(START) level of 9V, the TEA2164 will start-up 
and deliver the base drive pulses to the switching 
transistor at internal oscillator frequency (set by 
Rosc and Cosc). The duty cycle of these pulses 
gradually increases (soft-start). During this cycle of 
operation, the device does not receive any control 
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The voltage across the device power supply capac- 
itor (pin 16) is low and less than the "Vcc(sTaRT)" 
value. The TEA2164 is therefore in low consump- 
tion state. The supply voltage capacitor "C16" be- 
gins charging through a high value (100kQ) resistor 
"Rstart" connected to the rectified mains voltage. 


RSTART 
(100kQ) 


Icc(staRT) 


ri ]qnp TEA 2164 
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pulse from the secondary controller circuit and 
therefore operates in "Burst mode". 

The start-up will correcty take place if the device is 
rapidly self-supplied, that is, before the voltage 
across the supply capacitor on pin 16 falls below 
Vecstop) threshold. 

The TEA2164 is supplied by two distinct secondary 
windings, one connected in flyback and the other 
in forward configuration. 

The forward voltage will rapidly provide the supply 
required by TEA2164 whereas the flyback voltage 
will begin rising slowly and depends on various 
secondary time constants. 

Main advantage of the flyback voltage is that it 
provides a regulated supply voltage proportional to 
the secondary voltages. 

A+12V voltage has been selected for device power 
supply at nominal mains voltage level. A lower 
value such as +10V can be selected which will also 
reduce the power dissipation. Note however that 
since the overvoltage protection threshold is inter- 
nally set at +15V, then the lower is the supply 
voltage level the greater will become threshold 
margin. 

At nominal mains voltage, the forward voltage 
value is selected to be 1V below the flyback voltage 
value so that, the supply voltage at maximum 
mains voltage, will not rise much above its nominal 
value (and will remain below 15V threshold level). 


III.6.3 - Secondary controller circuit start-up 
After a time interval required for the secondary 


SON 
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power supply capacitors to charge up, the second- 
ary-connected regulation controller circuit will be 
powered and as soon as its supply voltage "Vcc" 
reaches the "VccistarT)" level, it will begin deliver- 
ing regulation and synchronization pulses. The 
TEA2164 will receive these pulses and will conse- 
quenily switch from "Burst Mode" to "Normal Mode" 
synchronized and regulated by the secondary con- 
troller circuit. 

The secondary controller circuits (TEA2028, 
TEA2029 and TEA5170) have a "soft-start" func- 
tion. This system allows better transition when 
switching from stand-by mode to normal mode. 
The TEA2028 and TEA2029 controllers have no 
"{ON(MIN)" function, and for this reason, it is neces- 
sary to choose lower voltage in stand-by mode than 
in normal mode. Otherwise, switching from stand- 
by mode to normal mode will not be possible (sec- 
ondary controller circuit will not issue regulation 
pulses as long as the output voltage remains above 
its nominal value). 

The TEA5170 has a "ton(miny" function, but it is also 
recommended to choose the stand-by voltage 
under the nominal value so as to avoid overvoltage 
when switching from stand-by mode to normal 
mode. 

For further details on secondary controller circuits, 


Figure 19 


COLLECTOR 
CURRENT 


“Ic” 
(Burst Mode) 


I1l.7.3 - Repetitive overcurrent protection 


Each time that "Icq1)" or "Ic(uz2)" thresholds are 
reached, an event counter will charge up the ca- 
pacitor "C2" connected to pin 3. If the overload 
persists, the voltage across capacitor will reach the 
3V threshold level and TEA2164 is consequently 
disabled (no power transfer to secondary will take 
place). 

To exit this protection mode, the mains voltage 
must be disconnected during a time interval long 


APPLICATION NOTE 


please refer to TEA5170 and TEA2028-TEA2029 
Application Notes (AN407/0591). 


lll.7 - Protection features 
Ill.7.1 - Overload protection 


The current limitation is set by resistor "Rs" as a 
function "Ic(m1)" threshold, such that the power 
transfer is limited at 150W. If the load connected to 
secondary requires higher power, the current limi- 
tation is activated and will limit the power transfer 
by lowering the output voltage. 


II.7.2 - Short-circuit protection 


In case of short-circuit, the secondary voltage falls 
to zero and the time required for the transformer to 
demagnetize becomes very long. The collector 
current will no longer start at zero level but at the 
final value of the preceding period. The current 
value will rapidly reach "Ic(m1)" and then "Ic(me)" 
threshold levels. 


Only the "Ic(m2)" threshold will disable the device 
and switch it into "Burst Mode". The device will 
re-start at the beginning of the following VLF oscil- 
lator period. However, if the short-circuit still per- 
sists, the "Ic(m2)" protection threshold is once again 
activated. 


t 
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enough for all capacitors to fully discharge. The 
system can re-start only once the capacitors have 
been discharged. 


IIl.7.4 - Overvoltage protection 


If an overvoltage (produced by improper adjust- 
ment or failure) appears at secondary terminals, 
the primary flyback voltage will rise and if the +15V 
threshold level is reached, the TEA2164 is dis- 
abled. 
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APPLICATION NOTE 


An overvoltage would be also generated if the load If the secondary controller device has a "ton(MIN)" 
on secondary terminals is disconnected. In this function (TEA5170), the protection is performed at 
case, if the secondary controller device is not equi- the primary side by the +15V overvoltage threshold 


ped with ton(min) feature (TEA2028 , TEA2029), it level. 
will stop sending the regulation pulses and the 
TEA2164 will consequently enter into "Burst 

Mode". 


111.8 - Oscillograms 


Figure 20 


{-NORMAL MODE : Base Current 


Vee : 1V/div 


Scale : 101s/div 


Ic : 2A/div 


. 
Mains : 220Vac 
0 Ip : 1A/div Load :S0W 


10mU  10mU BOL 10x 


Figure 21 


2-NORMAL MODE : Primary and Secondary Currents 


Ic : 1A/div 
mm OT AN TOA Mains : 220Vac 
Load :90W 
Scale : 10s/div 
Is : 1A/div 


10m¥ 1Omv 
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Figure 22 


3- NORMAL MODE : Collector-emitter Voltage 


| Ve 6 : 1V/div 


Mains : 220Vac 
Voce: 200V/div Load :90W 


Scale : 101s/div 


| Ic : 2A/div 
0 


20 10mU 8 


Figure 23 


4+-NORMAL MODE : Current Limitation Voltage 


: | Vpn 6 : 1V/div 


Oo 


Vein 114 2 0.5V/div Mains : 220Vac 


Load : S90W 
“‘ aN 
SL vA | Io : 2A/div 
3 0 


Scale : 101s/div 


yan 


50m 10mV £01 1Ons 


Figure 24 
5-NORMAL MODE : Oscillator Saw-tooth 


Vew 6 : 1V/div 
Vein a : 1V/div ; 
Mains : 220Vac 
1.6V Load :90W 
Scale : 10j1s/div 
Io : 2A/div 
100mU 10mu £01 
Gay SGS-THOMSON BO 
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Figure 25 


6 - NORMAL MODE : V+ Supply Voltage 


| Vein 6 : 1V/div 


~12V 
: Mains : 220V 
Vein 15 : SV/div oad een a 
Scale : 10us/div 


Io : 2A/div 


S00mY 10mU = 80.1 


7- NORMAL MODE : Output Voltage 


: | Vewe : 1V/div 


Mains : 220Vac 


Vpn 14: 2V/div Load : SOW 
~ 0.5V Scale : 101s/div 
ic : 2A/div 


200mU 10mU BA! 10us 


8- NORMAL MODE : Flyback and Forward Voltages 
(TEA 2164 Power Supply) 


7 a 
REM, ; 
VForwarp : 5V/div 


VELYBAGK : SV/div 


(e) Mains : 220Vac 
Load :90W 


Scale : 101s/div 


t) 


500m¥ §00mb 
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Figure 28 
| 9 - NORMAL MODE : Transistor turn-off 


Vcr : 200V/div 
Ic : 1A/div Mains : 220Vac 
Load :90W 
0 Scale : 500ns/div 


10- NORMAL MODE : Saturation Voltage 


Ip : O.5A/div 


o Mains : 220Vac 
Load :90W 


Scale : 2us/div 


o | YCESAT) : 1V/div 


100mU 10m 


Figure 30 
11 - NORMAL MODE : Safe Operating Area 


Mains : 220Vac 
Load :S0W 


Ic : O.5A/div 


Voe : 100V/div 
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Figure 31 


12 - STAND-BY MODE : VLF Oscillator 


Vein 10 : 1V/div 


Mains : 220Vac 


1.2V Load :3W 
Scale : 5ms/div 
Io : 0.5A/div 


vr) . 0 
"100mv 10m 


Figure 32 

13 - STAND-BY MODE : One Burst 

7 | Vein 10: 1V/div 

; Mains : 220Vac 

Hey Load :3W 

- Scale : 500,s/div 

Io : O.5A/div 
-0 


Figure 33 
14 - STAND-BY MODE : High Frequency Oscillator 


Vein 30 : 1V/div 


~1.6V Mains : 220Vac 


Load :3W 
Scale : 10):s/div 


Ic : 0.5A/div 


—0 
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Figure 34 


Figure 36 


2v 
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15 - START-UP SEQUENCE 
m Start Mode 


m Burst Mode 


—{2V # Normal Mode 


Vew 16: 2V/div 
Scale : 200ms/div 
Ic : 1A/div 
16 ~ OVERLOAD PROTECTION 
(Pin 3) 
Ic : 2A/div 
fame {) 
={2V 


Vpn 16: 5V/div Scale : 200ms/div 


Vow 3 : 2V/div 


40 
47+ SHORT-CIRCUIT PROTECTION 
(Pin 3) 
Io : 2A/div 
=O Scale : SOms/div 


Vows 7 2V/div 
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APPLICATION NOTE 


IV - APPLICATION VARIANTS 


V.1 All mains application 


IA wide input voltage range application can be 
configured around TEA 2164. We have built a 
power supply delivering 9OW output power at 
mains input voltage range of 90Vac to 260Vac. 
Difficulties encountered in such application are 
given below : 

- Very wide regulation range : if a discontinuous 
mode flyback transformer is employed, the con- 
duction time would be highly variable. 

The "ton(max)" duration is determined as a func- 
tion of maximum power output and the minimum 
mains voltage level. 
The "toncminy" duration is determined as a function 
of minimum power output and the maximum 
mains voltage level. 

- Start-up at minimum mains level : appropriate 
selection of start-up resistor and self-supply wind- 
ings. 

- Optimized switching transistor base drive and 
appropriately dimentioned protection features to 
operate over the whole mains voltage range : 

both, the base current, and supply voltage values 

and hence the self-supply windings, must be ap- 
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propriately calculated. 
FEATURES 
- Discontinuous mode flyback SMPS 
(Lp = 0.84mH) 
- Standby function using the burst mode of 
TEA2164 
- Switching frequency : 
¢ Normal mode : 15625 Hz (synchronized on hor- 
izontal deflection frequency) 
¢ Stand-by mode : 19 kHz 
- Mains voltage range : 90 Vac to 260 Vac 
- Mains power consumption : 
¢ Normal mode : 110 W max 
¢ Stand-by mode : 
6.7W (at 110V) 
9.8W (at 220V) 
(without degaussing coil) 
- Efficiency : 
¢ Normal mode : 
83% (at 110V) 
80% (at 220V) 
(measured with 86W output power) 
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IV.2 - 117 Volts application 


Main Features : - Stand-by using the burst mode of TEA2164 
- Discontinuous mode flyback SMPS (Lp = Comment : 

0.62mi) An optimization of the start up has permitted to 
- Switching Frequency : 15.7kHz eliminate the need of the self-supply forward 
- Mains Voltage Range : 90Vac to 140Vac winding and therefore to suppress some compo- 
- Output Power : SOW nents. 


Figure 38 : 117 Volts Application Diagram 
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IV.3 - Application without stand-by 


The application arrangement is simplified if the tion on the primary side configured around pin 9 

stand by function is not required : of TEA 2164, can be simplified. 

- The "Master" circuit on the secondary side is - The value of "C1" capacitor connected to pin 10 
permanently powered and as a consequence the of TEA 2164 used to set the burst period and 
transistors used to cut its power supply are no therefore its duration, is increased (1pF or 2.2uF) 
longer needed and can be eliminated. So as to enable full load system start-up as soon 

- The feedback used for "stand-by" regulation func- as the first burst is available. 
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|- INTRODUCTION 


The TEA2037 is a horizontal and vertical deflection 
circuit for monitors and black and white TV sets. 


This device includes all functions required for de- 
flection, namely : 


- Line and frame sync separation 
- Line oscillator with phase comparator 


- Driver stage for line deflection darlington transis- 
tor 


- Frame oscillator 


- Frame amplifier with flyback generator for direct 
drive of the vertical deflection yoke. 


The TEA2037 is particularly well-suited for low-cost 
monitors since it is cased in a low-cost package and 
requires a few number of external components and 
hence optimized for small displays. 


However, application areas are by no means lim- 
ited. Sophisticated applications requiring various 
adjustment possibilities such as for display geom- 
etry and centering settings (amplitude, linearity...) 
and operating at different line and frame frequen- 
cies (line frequencies up to 64kHz), are readily 
configured around TEA2037. 


In large screen applications, addition of a heatsink 
mounted on TEA2037 will enable the vertical de- 
flection yoke current to be boosted to 2A peak-to- 
peak. 


Figure 1 : Block Diagram 


il - FUNCTIONAL DESCRIPTION OF TEA 2037 


ll.1 - General description 

The TEA2037 is a 16-pin DIP package. The 4 
center pins (2 on each side) are connected together 
and used as heatsink. 

From composite video or TTL-compatible sync. 
signals, the device will extract and generate all 
signals required for the line scanning darlington 
transistor and direct drive of the frame yoke. 

The following functional blocks are implemented 
on-chip : 

- Line and frame sync. separator 

- Line oscillator 

- Line phase comparator 

- Line output stage 

- Frame oscillator 

- Frame amplifier 

- Frame flyback generator 

- Shunt regulator 

The common device power supply is implemented 
by the on-chip shunt regulator. 

In order to optimize the drive to frame deflection 
yoke and also enable appropriate use of the flyback 
generator, the frame amplifier is powered by an 
independent supply. 

The ground is connected to the 4 center pins of the 
device. 


FLYBACK 
GENERATOR 
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Pin description 


[1 [Frame seitor 
Voce (Flyback generator power supply) 


Bats feed-back (frame amplifier inverting 
input) 


Voce ( ecive power supply for frame output 
stage) 


2 
a 
eri 
Be aac 
ac aT 
[10 | Phase compartrouiat 
p14 Line output (drive to line ine transistor) 
[15 _| VideoipatorT-compatbisyn) 


Package 


Batwing DIP16 
(plastic package) 


11.2 - Sync. pulse separator 


The TEA2037 extracts, first the line and frame 
sync. pulses from the composite video signal and 
then the largest pulses, i.e., the frame syncs. 


[1.2.1 - Extraction of sync. pulses from the compos- 
ite video signal (TV application). 


Figure 2 
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Figure 3 
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- The sync. detection level is set at 1.6 V. 

- The value of R2is typically 1 MQ (fixed fora good 
internal bias). 

- Resistor Ri limits the output current of pin 15. 


Figure 4 


Composite -SKQ. = 100 nF 
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As illustrated in the above Figure, it is recom- 
mended to employ a low-pass filter which will sup- 
press high-frequency harmonics susceptible to 
produce jitters on line sync signal in composite 
video TV applications. 


11.2.2 - Negative TTL SYNC. (Monitor application) 
Figure 5 
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Figure 6 
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In monitor application, the sync. signal is generally 
separated from the video signal. 

In this case, the sync. signal is applied to pin 15 
through a single limiting resistor. Similar to the 
former case, the sync. is detected when the input 
voltage falls below 1.6 V level. 


11.2.3 - Frame sync. extraction 
Figure 7 


91AN2037-07 


This function is processed internally and hence 

does not require any external component. Line and 

frame sync. pulses are distinguished by an inte- 

grated capacitor which is more or less discharged 

during each sync. pulse interval as follows : 

- if the sync pulse duration is short, 1.e. it is line 
sync, then the capacitor is slightly discharged 

- onthe other hand, if the pulse width is larger, the 
capacitor is fully discharged and an internal 
frame signal is thus generated. 
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Figure 8 
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11.3 - Line oscillator 


Figure 9 
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Figure 10 
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The line saw-tooth is generated by charging an 
external capacitor on pin 9 via a resistor connected 
to Vcci (pin 16). 

The capacitor is discharged via an internal 1.4 kQ 
resistor. The saw-tooth amplitude is set by two 
on-chip threshold levels : 

- lower threshold : 3.2 V 

- higher threshold : 6.6 V 

The free-running period is approximately given by 
the following relationship : 


Tosc = 0.85 RC 


The phase comparator will modify the capacitor 
charge by injecting a positive or negative current 


Figure 11 
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so as to produce correct phase and frequency 
relationships with respect to the synchronization 
signal. 


11.4 - Line output stage 


The line output stage has been designed for direct 
base drive of the horizontal scanning darlington 
transistor. 


The low level interval on pin 14, i.e. the power line 
transistor blocking period, is determined by the time 
when the voltage of the line oscillator capacitor (pin 
9) is below 4.8 V (internally set threshold level). In 
a typical application, this interval corresponds to 
22us at 64us free-running period. 


C:2.2 pF 

D : 1N4148 

T : BU184 
91AN2037-11 


R1:470Q 
R2:100 
R3 : 470 


ll.5 - Phase comparator (PLL) 


I|.5.1 - Functional description 

The duty of phase comparator is to synchronize the 
horizontal scanning with the line sync pulse and 
ensure correct line flyback during the horizontal 
blanking phase. 


Figure 13 
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The line flyback signal (i.e. the pulse on the collec- 
tor of the line scanning transistor) is compared with 
the line sync. signal issued by sync. separator. If 
the detected coincidence is incorrect, the compa- 


[|.5.2 - Phase comparator operation 


Figure 14 


Figure 15 
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The line flyback signal goes through integrator 
network R1C1 the output of which, a saw-tooth 
signal, is applied to comparator input (pin 11) via 
Capacitor C2. 
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rator will then generate an appropriate positive or 
negative current so as to charge or discharge the 
line oscillator capacitor thereby providing for fre- 
quency and phase locking. 


91AN2037-14 


The comparator input stage is formed by the differ- 
ential pair T1 and T2. T3 and 14 transistors are 
arranged in current mirror configuration and thus : 
ig = l2 

The sum of currents going through T1 and T2 
transistors is determined by the current generator 
"I" so that : | = i1+ ie. 

The comparator output current is the difference 
current through the differential pair, i.e. : 


lout = i2 - it 


The comparator is enabled by T5 transistor only 
during the line sync. interval. 

Transistor T6 inhibits the phase comparison during 
the frame sync. interval. 

During the first portion of the flyback, the voltage at 
comparator input (pin 11) is lower than the refer- 
ence voltage. T1 is off and T2 conducts ; conse- 
quently the comparator output goes positive : 


During the second portion, the input voltage ex- 


i 
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ceeds the reference voltage and as a result, the crease. This current is then filtered and applied to 


comparator ouput falls to negative level : the line oscillator capacitor (C5) thereby accelerat- 

ing its charge-up phase and hence reducing the line | 
period. 

If the line flyback is in retard with respect to the Inverse action takes place if the line flyback is in 


horizontal sync. pulse (which is the case of too long advance - the negative current at comparator’s 
line periods), the interval for which the phase output will rise, C5 is charged more slowly and the 
comparator’s output current is positive would in- line period is thus increased. 


Figure 16 
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Figure 17 Figure 18 
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The duty of the output filter is to ensure the stability 
of the locked loop and its characteristics will have 
a partial influence on capture range and also on 
capture time. 
The holding range, which is larger than the capture 
range, depends on the ratio of the current available 
at the comparator output and the charging current 
of the line oscillator. The holding range does not 
depend directly on the cut-off frequencies of the 
output filter. But, as the voltage range at the com- 
parator output is limited, a too high value for R4 will 
limit the holding range. 
The sync. pulse duration has significant influence 
on capture range and also on the holding range of 
the device. The output current duration is directly 
related to synchronization pulse width. 
- First the R5 x C5 product is selected to yield the 
required free-running line oscillator frequency. 
- Then, the value of C5 capacitor is selected as 
follows : 
¢ for monitor applications (large holding range) 
low value; e.g. :2.2 nF @ 16 kHz, 
1 nF @ 32 kHz 
¢ for TV applications 
higher value; e.g. : 4.7 nF @ 16 kHz 
- Finally, the filter components are selected to 
match the required capture range. 
(R4 < 100 kQ to prevent comparator output 
saturation) 


11.6 - Frame oscillator 


Similar to line oscillator, the frame saw-tooth is 
generated by charging an external capacitor on 
pin 1 through a resistor connected to Vcci. 


Figure 19 
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Figure 20 
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The capacitor is discharged via an internal 500 Q 
resistor. The saw-tooth amplitude is set at two 
on-chip threshold levels. 

The free-running period is approximately given by : 


Tosc = 0.15 RC 


Synchronization is achieved by period reduction. 
The frame sync. pulse issued by the sync. separa- 
tor will modify the current through the resistor 
bridge which is used to set the saw-tooth threshold 
levels. 

The minimum synchronized frame period (MSFP) 
is given by: 


ll.7 - Frame output amplifier 

The frame saw-tooth generated by frame oscillator 
is first inverted (Gain : - 0.4) and then applied to the 
non-inverting input of the frame amplifier. The out- 
put current capability of this amplifier is as high as 
+ 1A thus enabling to drive vertical deflection yokes 
requiring 2A peak-to-peak. 

As a function of dissipated power, the device may 
require the addition of a heatsink. 

A feed-back loop is connected to the inverting input 
of the frame amplifier (pin 6). 

As the CRT screen is not part of a sphere centered 
on the deflection center point, if the yoke is actually 
driven by a saw-tooth waveform, the image is 
expanded at the top and bottom. The yoke must 
therefore be provided with an "S" waveform cur- 
rent, by applying linearity correction. 

The circuit configuration depicted above does not 
require any linearity adjustment - only an amplitude 
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Figure 22 
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adjustment potentiometer "P" has been provided 

for. 

- D.C. Feedback : The C1 capacitor is charged to 
approximately 1/2 x Voce. Divider bridge formed 
by R2 + R4 and R5 networks will set the d.c. 
feedback. The component values of this divider 
network will be choosen to avoid saturation at 
top and bottom of the output voltage. (pin 6 
biasing voltage is approximately 0.6 V) 


- Linearity Correction : A parabolic signal at 
frame frequency is available on "+" terminal of 
the C1 capacitor. This signal is integrated by R2, 
C2 network. An "S" waveform is thus obtained, 
which is applied to pin 6 via resistor R4. 

Any correction to this "S" waveform depends on 
C1 and C2 values. The linearity correction de- 
pends on ratio : R2/R4 


APPLICATION NOTE 


- Vertical Amplitude : Frame current amplitude 
is determined by the value of measurement 
resistor "R1", potentiometer "P" settings and the 
value of "R5" resistor. 


11.8 - Frame flyback generator 


The output stage of the vertical amplifier includes 
a‘frame flyback generator connected to pin 3. 
During the vertical scanning flyback time, the value 
of the yoke inductance "L" must be taken into 
account since the time constant L/R is no longer 
negligible. In television applications, the frame 
blanking time is 1.6 ms. Thus when L/R > 1.6x 10°, 
itis necessary to increase the supply voltage to the 
frame output amplifier so as to reduce the flyback 
time. This surplus is required only for the frame 
flyback and energy is wasted by boosting the sup- 
ply to the amplifier at all times (during the frame 
scanning time, the minimum voltage is substan- 
tially Rl, where | is peak-to-peak frame current). 
The configuration of the flyback generator is de- 
picted in Figure below : 


Figure 23 
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During the second half of the vertical scanning 
time, transistor T2 conducts and capacitor C is 
charged to Vcc through D1, D2, R3 and T2. (Switch 
K open) 


On flyback, switch K closes and pin 3 is connected 
to Vcc. The voltage at pin 7 (Vcc2), which was 
equal to Vcc - Vp1, is almost doubled during the 
flyback time. The only external components re- 
quired are therefore D1, D2 and C. 


In addition to reducing the flyback time, the flyback 
generator reduces the power consumed by the 
power stage, and can in certain cases avoid the 
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Figure 24 
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need to use a heatsink. 

Diode D2 is a low-signal diode (1N4148) but diode 
D1 must be appropriately rated since the positive 
current in the first part of the saw-tooth is supplied 
to the yoke through D1 and T1. A 1N40071 is gen- 
erally used. 


11.9 - The shunt regulator 

The TEA2037 incorporates an internal shunt regu- 
lator which delivers the common supply voltage 
Vcc to various blocks such as oscillators, compa- 
rator, sync separator and so on. 

The voltage on pin 16 is 9.7 V (9 V min, 10.5 V 
max). The value of the series resistor R must be so 
calculated to obtain a 15 mA current on pin 16 - this 


Figure 25 


[— 
| TEA 2037 
| 


91AN2037-25 


current can be 10 mA min. and 20 mA max. 

The external current supply from Vcc: to both 
oscillators (i.e. line and frame) can be neglected in 
majority of cases. 

The resistor value is found to be 1.2 kQ at 
Voc = +28V. 

At Vcc = + 12 V, and taking into account the voltage 
tolerance on pin 16, a 150 Q series resistor must 
be used. 
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11.10 - Thermal considerations 


In order to ensure reliable device operation, the 
dissipated power should be accurately determined. 
Calculation will allow an evaluation of the dissi- 
pated power and should be completed by package 
temperature measurements in actual applications. 
According to results obtained, a heatsink may or 
may not be required. 


m Power drawn from Vcci supply : 


P1 =Vec1. It 


Where |; is the current through the shunt regulator 
(pin 16) 


m Power drawn from Vcce2 supply : 


P2 = Voce uaa lo 


: 


Where : 


- lpp = peak-to-peak current through the vertical 
deflection yoke. 


- l2=Pin 7 quiescent current. 


- Vcce2 = Pin 7 voltage. 


m Power dissipated in deflection yoke and the 
measurement resistor : 


2 
Py =(Ry + Pu) ee 


Where : 
- Ry = Frame deflection yoke resistance 


- Rw = Measurement resistor value 


Thus, the overall power dissipated in the integrated 
circuit is : 


Pp = P1 + P2- Py 


2 
Pp = [Vecrh | + Voce Ex + || - ery + Rm) fee 


In application using the flyback generator, the Voce 
specified above becomes "Vcce - Vp", where Vp is 
the voltage drop across the series diode. 
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Figure 26 
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[il - APPLICATION EXAMPLES 


Ill.1 - Monitor applications 
Ill.1.1 - Low-cost monitor (French Minitel Type) 


CHARACTERISTICS 
- Screen : 9" Monochrome 


- Frame deflection yoke : 72 mH, 40 Q, 
220 mA peak-to-peak 

- Vcc = + 25 V without flyback generator 

- Frame flyback time : 1.2 ms 


Figure 28 
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Figure 27 
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- Vertical frequency : 50 Hz (20 ms) 

- Vertical free-running period : 24.5 ms 

- Horizontal frequency : 15 625 Hz 

- Capture range : +5us 

- Holding range :+10us 

- Input signal : composite video 

- Dissipated power : 1.15 W 

- Only one adjustment : vertical amplitude 
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APPLICATION NOTE 


This is a low-cost application used in French 
Minitel type configurations and requires mini- 
mum number of additional components and ad- 
justments. The input is a composite video signal 
at line frequency = 15 625 Hz and frame fre- 
quency of 50 Hz. 

The free-running horizontal frequency is deter- 
mined by the component values of RC network 
on pin 9. Since no adjustment is available, pre- 
cision components must be used to ensure cor- 
rect synchronization : 


[R = 35.7kQ, 1% and C = 2.2nF, 
2% for fy = 15 625Hz] 


The capture range is large enough to compensate 

for possible variations. 

- Synchronization range of the vertical oscillator is 
quite large which consequently allows use of 
less accurate components : 


[R=910 kQ,5% andC = 180 nF, 5 %] 


- Since the frame flyback time is short enough at 
supply voltage used here, the flyback generator 
is not used in this application. 

Figure 29 


TEA2037A 


1N4002 


Ill.1.2 - Monitor with geometry and frequency ad- 
justments 


CHARACTERISTICS 


- Screen: 12" Colour 
- Frame deflection yoke : 18 mH, 10Q, 
500 mA peak-to-peak 
- Vec = + 12V with flyback generator 
- Frame flyback time : 0.7 ms 
- Vertical frequency : 50/60 Hz 
- Vertical free-running period : 23 ms 
(adjustable) 
- Horizontal frequency : 15.7 kHz 
(adjustable) 
- Capture range : = +5us 
- Holding range : +10us 
- Input signal : negative TTL sync (line + frame) 
- Dissipated power : 0.9 W 
- Adjustments : 
¢ Vertical amplitude 
¢ Vertical linearity 
¢ Vertical frequency 
¢ Horizontal frequency 
¢ Horizontal phase-shift 


: Vertical Amplitude 
: Vertical Lineanty 
: Vertical Frequency 


: Horizontal Frequency 
: Horizontal Shift 


1-2-3 switching : Vertical Position 
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APPLICATION NOTE 


I.1.3 - High frequency monitor - Horizontal frequency : 35 kHz (adjustable) 
- Line flyback time : 5.5us 
HARACTERISTICS : 
es . aan - Capture range : 5us (@sync pulse = 4.7us) 
- Screen : 14" Colour - Input signal : negative TTL sync (line + frame) 
- Frame deflection yoke : 11 mH, 7 Q, - Dissipated power : 1.4 W (heatsink required) 
750 mA peak-to-peak 


- Adjustments : 
- Veco =+14V with flyback generator ¢ Vertical amplitude 
- Frame flyback time : 0.6 ms ¢ Vertical linearity 
- Vertical frequency : 72 Hz ¢ Vertical frequency 
- Vertical free-running period : 16 ms (adjustable) ¢ Horizontal frequency 


Figure 30 
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: Vertical Frequency 


P4 : Horizontal Frequency 
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ill.2 - Black & white TV application 


CHARACTERISTICS 

- Screen : 20" B & W 110° 

- Frame yoke : 30mH, 12Q, 850mA peak-to-peak 
- Voc = + 24 V with flyback generator 

- Frame flyback time : ims 

- Vertical frequency : 50Hz 

- Vertical free-running period : 24.5 ms 

- Horizontal frequency : 15 625 Hz (adjustable) 


Figure 31 
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Capture range : +2 us 
Holding range :+4.5 us 

Input signal : composite video 
Dissipated power : 2.3 W 
(10°C/W - heatsink required) 
Adjustments : 

¢ Vertical amplitude 

¢ Vertical linearity 

¢ Horizontal frequency 


P1 : Vertical Amplitude 
P2 : Vertical Linearity 


P3: Horizontal Frequency 
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Ill.3 - Using composite TTL synchronization 


Since the threshold level on input pin 15 is internally 
set at 1.6 V, the device can directly accept TTL 
signals. 

However, a series resistor is required to limit the 
Current sunk by the on-chip transistor (pin 15). 


Figure 32 
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lf composite sync signal is not available, line and 
frame sync signals can be recombined at circuit 
input as illustrated below. 


Figure 33 
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Note : Specified component values are purely theo- 
retical and must be calculated to meet specific appli- 
cation requirements. 
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This arrangement is particularly interesting in ap- 
plications where the available signals differ from 
those commonly used. An example is the case 
where the frame signal is of quite long duration 
(sometimes as long as frame blanking period). In 
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such case, efficient synchronization can be 
achieved by differentiating the signal so that it will 
behave as a signal of only few lines duration which 
is the condition required for appropriate frame and 
line sync separation and also a picture without flag 
effect. 


{11.4 - Direct frame synchronization 

The vertical scanning can be directly synchronized 
by the frame oscillator (pin 1) and without any need 
of using the synchronization input (pin 15). 

Figure 35 illustrates an example : 

In this case, only the line sync pulse is applied to 
pin 15. 


Figure 35 
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i1.5 - Constant amplitude 50/60 Hz switching 
In applications requiring 50/60 Hz standard switch- 
ing feature, the arrangement shown below allows 
to maintain the amplitude of the oscillator saw- 
tooth (pin 1) constant thus yielding uniform vertical 
scanning. 


Figure 36 
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Figure 37 Figure 39 
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A practical application configuration is illustrated 
below. 


Figure 38 
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lll.7 - Starting the TEA2037 from a +6V power 
50 Hz : T conducts 


60 Hz : T turned-off supply 
91AN2037-38 


The line oscillator of TEA2037 is capable of starting 
at a low supply voltage (< 6V). The period of 
oscillation is practically the same as at nominal 
The line output pulse duration is determined by two operation. It is thus possible to initiate the line 
internally set threshold levels. This interval can be scanning at a reduced supply voltage (e.g. +6V) 
altered by modifying the charge current of the line and then supply the overall configuration by the 
oscillator (pin 9) power available on the line transformer. 


Figure 41 


IlI.6 - Modifying the line output duration 
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IV - DESIGN CONSIDERATIONS 


iV.1 - Precautions for interlaced scanning 


The links interconnecting the ground terminals 
of Vcc and Vcc1 power supplies, as well as those 
of device decoupling capacitors, must be kept to 
as short as possible 

A high value decoupling capacitor can be used 
for Vcc supply, provided that a good quality low 
series resistance capacitor is employed. Inter- 
lacing is very sensitive to decoupling quality. The 
value of the decoupling capacitor can vary from 
22uF to 100uF. 

The interconnecting links between the frame 
oscillator capacitor, the line oscillator capacitor 
and TEA2037 grounds must be kept to as short 
as possible. 


Perfect line and frame synchronization is achieved 
by observing the above guidelines and recommen- 
dations. 


IV.2 - Printed circuit board layout 


The usual precautions observed in design of TV 
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timebase pc boards must be employed 

The line output stage handles high amounts of 
voltage and current. Components employed 
must therefore be appropriately rated, the width 
of and the clearance between the wiring tracks 
should be carefully selected. All connections 
must be as short as possible and all signals at 
the line frequency gathered at this section. 

The supply to the frame scanning section of the 
circuit must not be influenced by the horizontal 
scanning function, particularly when interlaced 
scanning is used. 

Generally speaking, interactions on the pc board 
between the high-gain/low-level and the high- 
current sections of the output stages must be 
minimized by as much as possible. 

As indicated in previous chapters, the four center 
pins of the device must be earthed. The pad used 
for this purpose must be as large as possible 
since it acts as the heatsink for the device. A 
cruciform pad underlying the circuit should be 
employed. 

There should be a single connection to the chas- 
sis earth terminal. 
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